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A B S T R A C T
Tha Infrared absorption spectra  of many metal ammine 
complexes of d iffe r !n g  s t a b i l i t i e s  and s te r io  con figu rations  
have been studied  in  the frequency range 4000 to  400 caT1 
The use of deuteration  techniques has provided a d irect means 
of id e n tify in g  the nitrogen-hydrogen v ib ra tio n s , and by com­
paring the spectra  of the ammines w ith those of sim ple 
m olecules whose frequency assignm ents are d e f in ite ly  known, 
i t  has been p o ss ib le  to  assign  a l l  the observed absorption  
bands to  fundamental v ib ra tion s of the m olecule. The m etal- 
nitrogen  v ib ra tion  frequencies proved d i f f i c u l t  to  d etect as 
the absorption bands produced were extremely weak, but these  
frequencies have now been id e n tif ie d  for  severa l of the more 
s ta b le  a m in es , the assignment being oonfirmed by comparison 
with the Haman spectra  of the same compounds.
i
The v a r ia tio n s  in  th s absorption frequencies found fo r  
the ammines have been compared with th e ir  s t a b i l i t i e s  and i t  
has been shown th a t w ith a few exceptions the two properties  
show s im ila r  tren d s. The m etal-n itrogen  stre tch in g  
frequencies are d ir e c t ly  re la ted  to  the stren gth  of bonding 
of the ammonia group, and the e f fe c t  of other su b stitu en ts  
in  the moleoule on th is  bond has been examined. In th is  way 
i t  has been shown th at some groups weaken the bonding of an 
ammonia moleoule in  the trans p o s it io n , and th is  may
contribute to  the increased ease of su b stitu tio n  of the 
group •
Other ligan d s where an almost complete frequency 
assignment of the absorption bends has been made include  
the n ltr o  group and ethylene* the seme method being used as 
for the metal ammines, i . e .  comparison of the spectra  of the 
complexes w ith those of simple m olecules. I n su ff ic ie n t  
compounds of th is  type have been examined to  observe any 
r e g u la r it ie s  in  the sp ectra  obtained. A prelim inary study  
has a lso  been made of ethylenediam ine complexes.
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GEHHRAL INTRODUCTION.
Valenoy banding in  Coordination Compounds.
The la t t e r  part o f the n in eteen th  century brought 
great advances in  preparative chem istryj among th ese  were 
the is o la t io n  of many complex compounds of m etal s a l t s  w ith  
other s ta b le  m oleoules suoh as ammonia, m etal oyanides and 
o x a la te s , and even ethylene* Many of the preparative  
methods described are s t i l l  o f value today, but from a 
th e o r e t ic a l point of view th ese  compounds provided d i f f i -  
c u lt ie s  to  contemporary valenoy th e o r ie s , s in oe  the v a le n c ie s  
of the atoms concerned appeared to  be q u ite  unusual and 
could only be s a t i s f ie d  by very complex structures*  The 
German chem ist, Werner, and h is  co-workers not only d is -  
covered many new compounds of th is  typ e, but put forward a 
comprehensive theory to  account fo r  th e ir  ex isten ce* 1 
Werner, w ithout making any assumptions as to  the nature of 
valenoy fo r c e s , suggested that the m olecules or groups 
concerned were grouped round the cen tra l metal ion in  a 
«•coordination sphere of a ttra c tio n " , the number of groups 
concerned bsing termed the coordination number* On th is  
b a sis  Werner was able to  make great progress in  the study  
of the arrangement, or stereoch em istry , of the coordinated
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groups, and by fo llow in g  the e f f e c t  of su b stitu tio n  
reaction s was ab ls to  show the ex isten ce  of o is /tr a n s  
isomerism and o p tic a l a c t iv i ty  in  th ese  compounds. The 
extent of Werner's achievement i s  seen in  the fa c t th a t ,  
without knowing anything of the e leo tro n io  theory of 
valency , h is  stru ctu ra l determ inations of ootahsdr&l 
oob& ltic complexes are gen era lly  v a lid  today, in  sp ite  of 
the fa c t  that as la t e  as 1920 soms authors considered  
Werner's views to  be in correct?  The coordination  number 
of four gave more d i f f ic u l t y  owing to  the ex isten ce  of two 
stru ctu ra l forms, planar and tetra h ed ra l, and i t  was not 
u n t il  the period 193$ to  1 9 3 9  that p latin ou s complexes were 
d e f in ite ly  shown to  have the planar square con figu ration .
She development o f the e leo tro n io  theory of 
valenoy offered  an explanation  of the stru ctu res suggested  
by Werner, the idea of coordinate or d ative  oovalenoy pro­
v id in g  the means by which coordinated groups, or ligan d s  
as they are now c a lle d , are bound to  the cen tra l metal 
atom. Further progress follow ed from the idea of atomic 
and m olecular o r b ita ls  of known s te r io  o r ien ta tio n , whioh 
determine the stereochem istry of the coordination compounds.
P hysica l methods in  the study of coordination  compounds.
Use of p h ysica l methods provides valuable
Information concerning the structure of complexes and tb s  
nature of the bonding and i t  i s  in  t h is  way that most 
rsosnt progress in  th is  subject has been mads« There are 
four main aspeots of the ohemistry of coordination compounds 
where physica l methods are of values (1) in  deciding the 
s te r ic  arrangement of the groups, (2) in  determining the  
s t a b i l i t y  of the oomplex to  d is so c ia t io n , p a r ticu la r ly  in  
aqueous so lu t io n , (3) in  measuring the strength  of bonding 
of the groups, (4) in  the examination of the nature and 
causes of reaction  undergone by the oompound, p a r ticu la r ly  
the su b stitu tio n  of one group by another«
Xray d if fr a c t io n  measurements often  enable 
d iffe r e n t s te r io  arrangements, suoh as planar and te tr a ­
hedral, to  be d is tin g u ish ed , but cannot gen era lly  lo c a te  
in d iv id u a l atoms mors p rec ise ly «  Dipole moment measure­
ments w i l l  o ften  d is t in g u ish  o is  end trans forms and in  some 
cases the p o la r ity  of the bonding can be determined, g iv in g  
some idea of i t s  character« ihis method i s  lim ited  by the 
n e c e ss ity  for  the substance to  be so lu b le  in  a non-polar  
so lv e n t . Magnetic measurements can e s ta b lis h  the number 
of unpaired ^ctrons in  the m olecule, and t h is  fa o t w i l l  
o f t z i t  in d ica te  the combination of atomic o r b ita ls  of the  
metal whioh have been used in  the bonding. In a few cases  
magnetic measureiaents show the reason fo r  the weak bonding
of some lig a n d s , where outer HdN o r b ita ls  are used .
Study of the e q u ilib r ia  esta b lish ed  in  so lu tio n  g iv e s  a;
measure of the s t a b i l i t y  of the oompound to  d is so c ia t io n  
and the fr e e  energy change during i t s  form ation. For the 
sim ultaneous estim ation  of the d iffe r e n t  m olecular sp eo ies  
present in  the so lu t io n , absorption speotra measurements 
in  th s v i s ib l s  and u ltr a  v io le t  regions are extrem ely  
v a lu a b le . This asthod i s  a lso  u se fu l in  k in s t io  s tu d ie s  
of th s oourse o f rea ctio n s in  so lu t io n .
While a l l  th ese  physica l methods are valuab le  
in  the study of coord ination  compounds, none g lv s  any d ire c t  
measure of the stren gth  and nature of th e  bonds concerned, 
and i t  i s  in  th is  respeot that spsotroseop io  measurements 
should be u se fu l as they have been w ith  many other sim ple 
and ooaplex m olecu les.
GENERAL INTRODUCTION.
Ths A pplication  of Speotrosoopi.o Methods to  
Structural Determ ination.
The study of the absorption sp ectra  and Raman 
spectra of m olecules has proved one of the moat u se fu l  
methods fo r  the determ inetion of th e ir  stru ctu res and for  
th s in terp re ta tio n  of the types of bonding which are 
p resen t. These methods have been p a r ticu la r ly  applied  
to  organic m olecules and to  the simple inorganic mole­
c u le s , but i t  was hoped th at the examination of the  
absorption spectra  of coordination compounds of metal 
lone would provide u se fu l inform ation.
B a sio a lly  the methods for the s*easurement of 
absorption sp ectra  in  the various sp eo tra l reg io n s are 
sim ila r  in  that thsy involve th s use of a source of 
rad ia tio n , a d isp ersin g  u n it and a d etecto r , the sample 
being introduced at some point in to  the l ig h t  beam and 
the amount of l ig h t  absorption measured by the d e tec to r .
The m ateria ls whioh are u su a lly  used as 
sources , as d isp ersin g  prisms and sample c e l l s ,  and as 
d etectors are summarised as fo llow ss
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Spectral
Prism and 
c e l l  m ateria l Source D etector
200 - 400 m/4. Quarts Hydrogen lamp (P h otocell or
350 m* 1000 Glass Tungsten lamp (Photom ulti­
p l ie r .
1 «*» 3K Glass Tungsten lamp Lead sulphide  o e l l
2 m 6 H Li? (Nernst f i l a - Thermopile
5 - 15 )* KaOl (ment or N
10 - 25 )k O r (heated SIC/
N
15 ee 40 h CsBr (rod m
Gratings can a lso be used as d isp ersin g  u n its  in  many sp ec tra l
regions but have not y e t been used to  & la rg e  ex ten t in  the  
long wave length  region as the a v a ila b le  l ig h t  energy 
em itted from the ueual source» ie  low, and l ig h t  lo s s e s  are 
greater with gra tin gs than w ith  prisms« The ohoioe of 
m ateria ls for  use as prisms i s  governed by the two fa o to rs  
of transparency and d isp ersin g  power fo r  l ig h t  o f the wave 
length  concerned and these two fa c to rs  are in te r r e la te d  as 
a substance has the g r e a te s t  d isp ersin g  power near to  the  
region where i t  begins to  absorb l i g h t .
The changes in  in tern a l energy of the absorbing 
m olecules which produce the absorption speotra are re la ted  
to  various types of in tern a l change in  the m olecules th u s, 
in  the u ltr a  v io le t  and v is ib le  speotra i t  i s  e le c tr o n ic
energy change» which are prim arily  involved , in  the 
in frared  region from 3*5 to  40 f *  i t  1» changes in  ths 
v ib ra tio n a l energy s ta te s  of ths m oleouls, and at s t i l l  
longer wavo len gth s ro ta tio n a l energy changes in  th s mole- 
ou les which are concerned. With the exception  of the 
ro ta tio n a l energy changes th ese e f f e c t s  do not ooour
s in g ly  and ths e lso tro n io  tr a n s it io n s  havs superimposed
v ib ra tio n a l and r o ta tio n a l e f f e c t s ,  and th s v ib ra tio n s  are 
always a sso c ia ted  w ith sm aller ro ta tio n a l energy changes, 
g iv in g  Nfin e  s tr u c tu r e ’* to  v ib ra tio n a l bands. furtherm ore, 
th ese  approximate l im it s  fo r  th ess  prop erties tend to  
overlap and although there appears to  be a gap between the
upper l im it  of e le c tr o n ic  tr a n s it io n s  nsar 1 ^  and ths
s ta r t  of v ib r a tio n a l wave len gth s at 3*5^ » the region  i s  
f i l l e d  w ith the overtones of ths v ib ra tio n a l changes, which 
may oven extend below 1 jul ( e .g .  water shows an overtone of the 
3 stre tch in g  v ib ra tio n  a t 950 mjO*
C onsideration of th ese  fa o to rs  makes i t  p o ss ib le  
to  obtain an idea as to  the p o ss ib le  ap p lica tio n  of 
speotr&l methods to  the study of coordination  compounds, in  
the two main d iv is io n s  of u ltr a  v io l s t  and v is ib le  speotra , 
and in frared  sp eotra .
U ltra v io le t  and v is ib le  speotra of coordination compounds.
Ths marked changes in  eolour of tr a n s it io n  m stal 
ion s on the coordination  of o d o u r le s s  lig a n d s i s  one of 
the most s tr ik in g  fea tu res  of coordination  compounds, and 
ths absorption speotra whioh g ive r is e  to  th ese  co lours hare 
been examined s in ce  the beginning of th is  oentury. Ths use 
of modern instrum ental technique© has g rea tly  Improved the  
aoouraoy of th ese  measurements and has extended the range 
of speotr&l examination from the v is ib le  region w ell in to  
the u ltra  v io le t  reg ion , the l im it  w ith  most modem photo­
e le c t r ic  instrum ents being about 200 m}k . Mast of th ese  
speotra have been examined in  aqueous so lu tio n  and as the  
absorption bands are u su a lly  strong, d ilu te  so lu tio n s  can be 
employed.
The speotra in  th is  region aris'd from three main 
types of e le c tr o n ic  tr a n s it io n :  (1) absorption bands
o h a ra o ter istio  of the ligan d s as m odified by the ooordin- 
a tio n  bonding to  the m etal, (2) in tern a l Nd" e lec tro n  
tra n sitio n s  of the metal io n , due to  perturbation of the 
energy le v e ls  by the e le o tr lo  f ie ld  of the lig a n d , and (3) 
“charge tr a n s fe r “ tr a n s it io n s  in  which an e lec tro n  i s  tran s­
ferred  from the m etal ion to  th e ligand  or v ic e  v ersa .
Absorption bands due to  (1) w il l  not be considered fu rth er  
as many of th s lig a n d s concerned have no absorption in  the
region considered and d ire c t in terp re ta tio n  of the e f fe o t  
of coordination on suoh absorption bands i s  u su a lly  d i f f i ­
c u lt .  Bands due to  (2) or (3) are e a s i ly  d istin gu ish ed  as 
the la t t e r  u su a lly  have ex tin c tio n  o o e f f io ie n ts  a t le a s t  
100 tim es as large  as the former and l i e  w ell in to  the u ltr a  
v io le t  region of the spectrum. However, most u se fu l work 
on the nature of coordination  oompounds has been obtained  
from bands a r is in g  from (2 ) .  The absorption hands in  the  
v is ib le  region which are responsib le fo r  the colour of 
th ese compounds c le a r ly  show wide changes w ith d iffe r e n t  
ligan d s and when t h is  e f fe o t  i s  examined q u a n tita tiv e ly  
r e s u lts  are obtained such as th s fo llow in g  fo r  o o b a ltie  
complexes, the wave length  in  mfi of the absorption band 
of lon gest wavelength being given below
* o o 2 ( s o 4 ) 3 ( i » k .h2 s o 4 ) [o o (n h ,)6 ] c i 3 k 3 [co (oh )6 ]
6 1 5  4 9 0  < 2 0 0  n f K
I t  i s  tempting to  equate the wave len gth  s h i f t s  in  th is  
absorption band w ith the s t a b i l i t y  of the complexes which 
in  th is  ease fo llow  the same order, hut i f  the e f fe o t  of 
the replacement of the water molecule by ch lorine in  the
compound [Co(NH ) H o ]c i i i  examined, a s h if t  of ths
3  5  2  3
absorption band to  longer wave len gth s i s  observed, although  
the oh lorine atom i s  undoubtedly more stron g ly  bound than
* These f ig u r e s  were obtained during some prelim inary  
experiments in  th is  work.
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the water m olecule. Tsuohlda^ has found that the seoond 
absorption band ( i . e .  that a t sh orter ware len g th s) g iv e s  
a b e tte r  measure of s t a b i l i t y ,  but d i f f i c u l t i e s  often  a r ise  
in  d etectin g  t h is  sh orter  wave len gth  band in  the presenoe 
of oharge tr a n sfe r  bands. Basalo* has used th is  re la tio n *  
ship in  the study of the stereochem istry  of oobaUio com­
p lex e s , s in ce  the mutual weakening of the bonding of trans  
groups should r e su lt  in  a longer wave len gth  absorption  
band for the trans compound compared w ith i t s  o ls  isom er. 
W illis  and M ellor have been able to  d is t in g u ish  planar and 
tetrah ed ra l n ic k e l II  complexes on the b a s is  of a strong  
absorption band occurring near 400 m f o r  a l l  complexes 
having the planar con figu ration  as shown by magnetic 
measurements.
In some prelim inary experiments to  the work 
reported here an in te r e s t in g  re la tio n sh ip  was observed w ith  
the wave len gth s of the f i r s t  absorption bands of a s e r ie s  
of co b a ltlo  n ltroanm ines• The r e s u lts  are shown in  f i g .  1 , 
where the wave len g th s of the absorption bands of lo n g est  
wave len g th  are shown p lo tted  against com position. I t  i s  
observed th at a s tr a ig h t l in e  re la tio n sh ip  i s  observed fo r  
four of th ese  complexes» but w ith £ is-[C o(N 02 )^(RH^)^]+ , 
[C©(102 ) a n d  [C o iK Q ^ iN H ^ ]”* the absorption band 
i s  at longer wave le n g th s . The only stru ctu ra l fea tu re
common to  th ese  compounds i s  the tendency fo r  the n itr o  
groups to  he o le  in  s  planej w ith [Co(N02 )^(NH^)2 ]"» where 
the d ev ia tio n  from a s tr a ig h t  l in e  i s  g r e a te s t , a l l  four  
n itr o  groups ars planar and o is  to  saeh other. S im ilar  
r e s u lt s  were obtained w ith a s e r ie s  of o o b a ltio  aquoammlnes 
though the d ifferen ce s  in  wavs len gth  observed wsrs much 
sm aller .
While many em pirioal r e la tio n sh ip s  of t h is  type  
can be obtained, i t  i s  c le a r ly  d i f f i c u l t  to  obtain from 
such r e s u lts  any rea l inform ation as to  the nature of 
bonding of the coordinated group. One p a r ticu la r  d i f f ­
ic u lty  in  complexes where more than one ligan d  i s  concerned 
i s  that the absorption spectrum can only represent the 
o v era ll perturbation e f f e c t  of a l l  the lig a n d s , and the  
e f f e c t s  due to  in d iv id u a l lig a n d s are not separated . In 
view of th ese  oon eid sration s and the p u b lica tion  of fu rth er  
work on th ese compounds i t  bseams c le a r  th a t, ad d ition a l 
experim ental evidence would be of l i t t l e  value without a 
mathematical treatment to  r e la te  the r e s u lts  to  the nature 
of the banding in  th ese compounds. Some progress along  
these l in e s  has now been made, notably by Orgel and h is  
collaborators*’ but i t  was at th is  time decided to  concen­
tr a te  the main emphasis of th is  work on th e in frared  
spectra  of th ese compounds. As th ese  are concerned w ith
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the v ib ra tion  of the atoms them selves, they should g ive  
more d irec t r e s u lts  as to  the nature of the bonding In 
th ese  compounds.
The In frared Spectra of Coordination Compounds.
The absorption of l ig h t  in  the in frared  region  
i s  a sso c ia ted  mainly w ith  v ib ra tio n a l changes in  the mole­
cu le s;  ro ta tio n a l changes in  such large  m olecules would 
only show e f f e c t s  a t very low frequencies and need not be 
considered hers except in  so fa r  as they may modify the 
v ib ra tio n a l freq u en c ies. Examination of the v ib ra tio n a l  
Infrared spectra  of th ese  m olecules can g ive  a much mors 
d ir e c t in d ica tio n  of the nature and stren gth  of the bonding 
of the coordinated groups than can bs obtained by other  
methods*
As a f i r s t  approximation the metal ion can be 
regarded as a s t a t io  oentre during the v ib ra tio n  of the 
surrounding groups | th is  i s  osrt& inly true of atoms not 
d ir s o t ly  bound to  th s  m etal io n , providing the masses of 
the atoms of ths coordinated groups concerned are not too 
great* Where ths v ib ra tio n s  of groups d ir e c t ly  bonded to  
the metal ion  are considered9 the mass of the metal ion  
must have an appreciable e f f e c t  even where l ig h t  groups 
or atoms are concerned. The only exception  to  th is  i s  
the t o t a l ly  symmetric or Hbreath ingf< frequency9 which i s  
not a c t iv e  in  th s  in frared  spectrum» but which can bs
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I t  i s  important to  consider th s regions of the 
spectrum where the fundamental v ib ra tio n s of th ese  mole­
cu les  might bs expected» and so» fo r  example» with a 
coordinated ammonia group we can say» by analogy w ith  
ammonia i t s e l f »  th a t the Iff— H stre tch in g  v ib ra tio n s  
( )/ Iff— H) w i l l  probably be near 3000 cm“1» and the Iff— H 
bending freq u en cies ( 6  Iff— H) nsar 1000-1500 cm“1 • Ths 
m etal-n itrogen  s tre tch in g  frequencies w i l l  have much lower 
values» for  methyl iodide» CH^— I  t h e  C— I  s tre tch in g  
frequency i s  near 500 cm“1  ^ and we might expect the miM* 
nitrogen  s tr e tc h in g  frequency» in  a compound of the type 
met&l-NHy to  be in  th is  region , say w ith in  the range 
400-600 em“1« I f  the stren gth  of the bond i s  lower than 
th at o f a normal covalent bond» the frequency w i l l  be s t i l l  
sm aller« These f ig u res  imply that i f  the v ib ra tio n s  of 
atoms d ir e c t ly  bound to  th e  metal ion are to  be examined 
there i s  a l im it  to th s  massss of th s atoms that can bs 
used» as in frared  spectroscopy becomes experim entally  zauoh 
more d i f f i c u l t  a t low frequencies« The experim ental 
d i f f i c u l t i e s  are tw ofoldt there ie  f i r s t  the problem of 
fin d in g  su ita b le  m ateria ls  that w i l l  transm it the rad ia tion  
at low frequenoies and so  can be used fo r  making the  
d isp ersin g  prism and fo r  o e l l  windows« In th e frequenoy
I d e n t i f i e d  i n  t h e  R a m a n  s p e c t r u m «
region from 4000 to  760 o a f1 rook s a l t  (c r y s ta ll in e  sodium 
ch lor id e) can he used and from 1000 cm”1 to  400 cm"1 
potassium bromide prisms e&n be used* but below 400 cm“1 
the only su ita b le  m ateria ls  so fa r  disoovered have been 
caesium bromide and io d id e; th ese can extend the frequency 
range to  200-250 cm“1 but are extremely expensive and not 
rea d ily  ava ilab le*  At the time th is  work was carried  out 
only rook s a l t  and potassium  bromide prisms were a v a ila b le  
and so the e f f e c t iv e  frequency range examined was from 
4000 to  400 cm“ 1« The second d if f ic u l t y  w ith work at 
low freq u en cies ia  the sm all ensrgy a v a ila b le  from the  
a v a ila b le  in frared  sources» u su a lly  a Nernst filam ent«
These eouroes have a maximum energy in  th e rook s a l t  region  
and w hile i t  i s  p o ss ib le  to  move the energy maximum to  
lower freq u en cies by low ering the temperature of the souroe 
the t o t a l  energy em itted i s  a lso  reduced and the n et gain  
in  energy in  the low frequenoy region ia  not great« This 
method does, however» reduce the amount of soattered  l ig h t  
reaching the therm opile o f the instrument and so improve , 
i t s  performance« Soattered l ig h t  in  in frared  instrum ents 
working at low freq u en cies reaohea very considerable pro­
portions» and in  the caesium bromids region i t  may be as 
much as 30-50$ of the t o t a l  energy reaching the d e tec to r . 
Some experiments have been tr ie d  using an f-oen tred  o ry sta l
as a f i l t e r ;  th ese  f i l t e r s  absorb the higher frequency 
rad iation  but do not g rea tly  reduce the low frequency 
energy, thus i t  i s  p o ss ib le  to  reduce g rea tly  the pro­
portion  of soa ttered  lig h t*  The actu al value of the lower 
frequency reached r e lia b ly , depends to  some extent on the 
instrument used, such fa c to r s  as the l ig h t  energy lo s s  
w ith in  the instrument and the s e n s i t iv i t y  of the d etecto r  
having appreoi&ble e f fe c ts*  In p ra o tio e , w ith a potassium  
bromide prism in  the H llger I) 2 0 9  spectrom eter, used in  the 
e a r l ie r  sta g es  of t h is  work, no r e l ia b le  r e s u lts  could be 
obtained below 450 om“ 1. With a modern H ilger H 800 
spectrom eter 400 om“1 could ju st be reached, and w ith  a new
Perkin Elmer Model 22 instrument the range oould be
•  1extended to  380 em •
The d i f f i c u l t i e s  of work at low frequenoies p laces  
a r e s tr ic t io n  on the lig a n d s that aan be examined by means 
of the d ir e c t  v ib ra tio n  of the met&l-ligand bond, as ths  
v ib ra tio n  frequencies w i l l  be much sm aller w ith the heavier  
lig a n d s . JPor t h is  reason much of the work desoribed here 
i s  concerned w ith the metal-ammonia complexes (araminea) as 
the ammonia group i s  one of the l ig h t e s t  common lig a n d s and 
one which i s  o ften  stron g ly  bound to  the metal io n . Other 
ligan d s have a lso  been examined in  eome oases e ith e r  
in c id e n ta lly  or where they are l ik e ly  to  show fea tu res  of
p a rticu la r  in t e r e s t ; th ese include the n itr o  group, N02, 
ethylene and ethylenedlammine.
The f i r s t  stage in  the examination of the spectrum  
of a compound i s  to  assign  the frequencies to  p a rticu la r  
fundamental v ib ra tio n s  in  the m olecule. In moat oases the 
ays terns examined here are too complex to  apply c a lc u la tio n  
methods, but i t  i s  u su a lly  p o ssib le  to  obtain a r e lia b le  
assignment of the frequencies by comparison with the sp ectra  
of sim ple m olecules of s im ila r  symmetry whose assignment i s  
known unequivocally* fo r  example, the comparison of the  
epeotrum of a m ete l-n itro  oomplex w ith the spectrum of 
C l—h C q , n itr y l  ch lor id e) or the comparison of the m etal-
CH QU
- • t h y i .n .  complex». M—  w ith sC{jK , ethylene eu lp h iae .
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When the fundamental v ib ra tio n s  have been re la ted  to  
absorption frequencies i t  i s  then p o ssib le  to  e lu c id a te  
v a r ia tio n s  in  the bond character w ith d iffe r e n t  metal ions  
and to  examine the e f f e c t  of d iffe r e n t su b stitu en t groups 
on the bonding of the group in  q uestion .
.Several previous workers have examined metal 
ammines in  the " ro ck -sa lt" region , but have gen erally  only 
considered a lim ited  number of compounds, p r in c ip a lly  the 
oob& ltie and chromic ammines. These workers often  d is ­
agreed ae to  the assignment of some of the absorption  
frequencies to  p a rticu la r  v ib ra tio n s of the m olecules.
The present work on ammines was undertaken so as to  reach  
d e f in ite  con clusion s as to  th s assignment of the 
freq u en cies, to  extend the range of compounds to  cover as 
many metal ions as p o s s ib le , and to  extend the sp eotro-  
soopic examination to  lower frequencies using a potassium  
bromide prism. Most of th s fo llo w in g  r e s u lts  on n itr o  
com plexes, ethylene complexes and ths "trans e ffe c t"  
arose out of an exten sion  of the r e su lts  obtained on 
sim ple ammines.
E X P E R IM E N T A L
Techniques used in  the Determination of Infrared
Spectra*
Spectra have been obtained using both rook s a lt  
and potassium bromide prism s, but the ohoioe of instrument 
was lim ited  by the con sid eration  of a v a i la b i l i ty ,  which 
did not always allow  th e most u se fu l Instrument to  be used 
fo r  a p a r ticu la r  spectrum. Id e a lly  a l l  potassium bromide 
region spectra  would have been taken using the Perkin->£lmer 
instrum ent, but in  p ra ctice  th is  was only a v a ila b le  on a 
very few oocasians w ith  th is  prism.
Most of the e a r l ie r  work was done using a H ilger  
D 209 double beam spectrom eter* This instrument has a 
number of d isadvantages, the most important being that i t  
depends on a B.C. system of am p lifica tion  using a double 
arrangement of galvanometers and therm opiles to  am plify the 
primary sign a l*  The instrument i s  very s e n s it iv e  to  
v ib ra tio n  and has a considerable tendency fo r  the sero  to  
"drift** during the running of a spectrum. I t  i s ,  however, 
quite convenient in  use as a s in g le  beam instrument in  the 
potasblum bromide region of the spectrum, as the degree of 
am p lifica tio n  can e a s i ly  be varied  over a wide range, thus 
a s s is t in g  in  the m agnification  of weak absorption peaks*
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The origin©! o p tic a l system of the instrument was m odified  
by means of an ad d itio n a l concave mirror« so as to  provide 
& focus in  the sample beam; th is  i s  shown in  F ig . 2 and 
i t  i s  c le a r  that although th is  system allow s much sm aller  
samples to  be used« the d isp a r ity  in  th e o p tic a l paths o f  
the sample and reference beams p artly  destroys the double 
beam ca n ce lla tio n  of the water vapour and carbon d ioxide  
from the atmosphere. T his, of course« i s  not important 
in  th s  potassium bromide region where the instrument i s  
used as a s in g le  beam system in  any c a se . The instrument 
was ca lib ra ted  in  both the rook s a l t  and potassium bromide 
regions using the atmospheric water vapour and oarbon 
dioxide bands. Typical ca lib ra tio n  sp so tra  are shown in  
F ig s . 3 and 4« and from th ese  c a lib r a tio n  curves fo r  ths  
prisms ars prepared. Temperature v a r ia tio n s  of only one 
or two d egrsss centigrade produced appreciable ohanges in  
the ca lib r a tio n  curves and the c a lib r a tio n  was chsoked at 
l e a s t  once a day.
Many of the spectra  in  the rook s a l t  region were 
a lso  obtained using a Perkin Elmer 21 double beam sp ectro ­
meter from 4000to 700 cm ~ \ and in  some oases the sams
instrument was used w ith a potassium bromide prism; th is
—1extended the low er frequency l im it  to  400 cm' « and in  a 
few oases absorption bands oould be detected  a t as low a
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frequenoy as 3^0 om , though th ese r e s u lts  are le e s  
r e l ia b le  as the energy a v a ila b le  i s  very small* 
U nfortunately, th is  instrument was only oec& sionally a v a il­
able w ith th is  prism. A number of the more recent spectra  
were taken on a H ilger H 8 0 0  double beam spectrom eter in  
the rook s a l t  and potassium  bromide reg io n s. The 
c h a r a c te r is t ic s  of the sp ectra  taken on th ese modern in s tr u ­
ments were very s im ila r  and no instrum ental m od ifica tion s  
were required . The o p tic a l arrangement of the H ilger  
H 800 speotrom eter i s  shown in  F ig . 5f th is  i s  ty p ic a l of 
modem instrum ents where an A.C. a m p lifica tio n  system i s  
used . In th is  system the beam passing through the sample 
and the reference beam are allowed to  f a l l  a lte r n a te ly  on 
the therm opile, using an o s c i l la t in g  m irror, and the a l t e r ­
nating p o te n tia l produced operates a sh u tter  in  the 
referenoe beam u n t i l  the energies of the two beams are 
equal. The change in  the sh u tter  aperture, which i s  then  
proportional to  the absorption of the sample i s  measured
Q
in  the d e fle o tio n  of the recorder • The great advantage 
of th is  method of double beam operation i s  that the A.C. 
a m p lifica tio n  lead s to  much greater  e le c tr o n ic  s t a b i l i t y .  
These instrum ents did not require frequent c a lib r a tio n  
checks ae a temperature compensating bim etal s tr ip  i s  
attached to the prism ta b le . Occasional checks were
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carried  out using water vapour or th in  polystyrene film s  
as standard substances.
Aocuracy of measurements.
The accuracy of measurement of the frequencies  
reoorded requires some c la r i f ic a t io n ,  as published f ig u r e s  
are g en era lly  reported to  the nearest wave number (omT1), 
Irresp ec tiv e  of the region being considered . Using the  
normal c a lib ra tio n  of the instrum ent, i t  i s  very doubtful 
i f  such accuracy can be obtained, and c a lib r a tio n  e x p e r i­
ments in  the 1600 omT1 region , using the atmospherlo water 
vapour bands as standards, showed that an accuracy of about 
-  5 cmT1 i s  the b sst th at can bs expected. In many 
speotr&l regions much more accurate r e s u lts  can be obtained  
by using the spectrom eter as a s in g le  beam instrument and 
using the atmospheric water vapour and oaxbon d ioxide bands 
as in tern a l c a lib r a tio n  standards. The frequency of the 
absorption band due to  the substance i s  then determined by 
d ire c t in terp o la tio n  between the absorption bands of known 
frequency. In th is  way errors are avoided due to  the  
con stru ction  of the ca lib r a tio n  curve as w ell as errors  
due to  temperature changes during the course of the exp eri­
ment. This method was used where acourate va lu es fo r
absorption frequencies were required in  the con sid eration
of the trana a f fe c t  (Chap. X I), the freq u en cies concerned 
being in  the potassium bromide region , near 500 omT1 
Using th is  method the absorption peaks can be loca ted  w ith  
an accuracy of at le a s t  one omT1 D if f ic u lty  a r ise s  in  
the d etectio n  of weak, broad absorption bands by the s in g le  
beam method, as th ese  may be obscured by water vapour 
absorption . Wherever p o ss ib le  a double beam spectrum i s  
f i r s t  obtained to  lo c a te  th e absorption bands, the 
frequency of which i s  then accurately  determined by s in g le  
beam operation .
De sc r ip tio n  of v ib ration  f r eq u en cies•
The term inology used to  deeoribe the v ib ra tio n s
gen era lly  fo llo w s the usage of Hersberg^, and i s  summarised
as shown below
V a _ stre tch in g  v ib ra tio n  concerned mainly 
w ith A— B bond
C *___™ deformation v ib ra tion  concerned mainly
w ith A— B bond
Bending Wagging Tw isting Hooking
^7  B B B / B 2 s *
\  \  /  \  /  \  /
A A A A
t i l l
+ in d ic a te s  v ib ra tio n  above plane of paper
•  in d ic a te s  v ib ra tio n  bslow plans of papsr
numbering of freq u en cies V  i s  arranged so that low est  
va lu es of n correspond to  v ib ra tio n s of the h igh est  
symmetry* Frequencies of absorption bands shown in  
parentheses, e .g .  1545 (1555)» are "shoulders" on the  
s id e s  of the main absorption bands, or bands of subsid iary  
in te n s ity .  Frequencies bracketed togeth er
1545)
)
1555)
represent two bands of s im ila r  in te n s ity  which are
incom pletely resolved*
The measured in t e n s i t ie s  of the absorption bands
have no absolu te s ig n if ic a n c e  as the sp ectra  have been
gen era lly  obtained on d isp ersio n s of unknown concentration*
The r e la t iv e  in t e n s i t ie s  for a p a r ticu la r  spectrum are
in d icated  as fo llo w s:
v . s . very strong
s* strong
m* medium
w. wsak
v.w . very wsak
bd* broad*
KXPERIWBSIAL. 
g S MHESU ff* of Samples fo r  In frared Kxamlnati on.
Most of the compounds examined were in so lu b le  in  
organio so lv en ts  and so t h s ir  spectra  were u su a lly  d eter­
mined in  the s o lid  s t a t s .  A few of the compounds were 
a lso  examined in  concentrated aqueous so lu t io n , the o e l l  
being mads by p ressin g  a drop of the so lu tio n  between two 
s i lv e r  ch loride p la tee  and clamping them fir m ly . The 
sp ectra  could only be examined in  th is  way over a s a a ü  
portion  of the spectrum, from about 800-1500 cmT1, owing 
to  the strong absorption of the water i t s e l f *  The sp ectra  
obtained did confirm the general s im ila r ity  of the spectra  
in  the so lid  s ta te  w ith th o se  in  aqueous so lu t io n , although  
only a few of the amminss were examined in  so lu t io n , the  
most important being [AgfNH^)^JsO^, [Cu (KH^)^]sû^.H20 and 
[0 o(5H^)6 ]01^, The sp ectra  taken in  aqueous so lu tio n  were 
a lso  important in  ths deuter&tlon experiments described  
la t e r ,  as some of the amminee could not be Iso la ted  from 
the deuterium oxide used fo r  the deuteration  and had to be 
examined in  th at so lu tion *  I t  was th erefore important to  
eompars th ese sp ectra  w ith  those taken under s im ila r  
con d ition s using water as so lv e n t, so th at comparison
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-— Hujol  Mull 
——  Aqueous Solu tion  
KBr d isc
oould be made of the ammines and deuteranminee in  the  
same p h ysica l s t a t e •
The m ajority of the speotra were taken by the 
standard methods fo r  s o lid  sam ples, e ith e r  as d isp ersion s  
in  *Kujol ("Ifujol m ulls") or as potassium bromide d is c s .
In F ig . 6 the spectra  taken by these three standard methods 
can be compared. I t  i s  observed th a t the speotra  
g en era lly  are v e iy  s im ila r , there being no evidence of 
such e f f e c t s  as cr y sta l in tera c tio n s  causing the s p l i t t in g  
of absorption bands in to  severa l components, or of 
oom pletely new bands appearing in  the speotrum. There i s ,  
however, an appreciable d ifferen ce  in  frequency of some of 
the absorption bands obtained in  aqueous so lu tio n  as com­
pared w ith those taken in  the so lid  s t a t s .  For
[Co(KH^)^]ci^ the absorption band which occurs at 1329 omT1
- 1in  the Kujol mull occurs at 1331 cm. in  the potassium  
bromide d iso , but at 1342 0m71 in  aqueous s o lu t io n . The 
band near 800 omt  ^ i s  much l e s s  s e n s it iv e  to  the change 
in  medium, the d ifferen ce  being only 2 omT1 S im ilar  
r e s u lts  are observed fo r  the [CuiKH^^lsc^.H^O where the  
frequency changes from 1287cm.1 in  Kujol to  1280 cmT1 in  
w ater.
The sm all changes in  the s o lid  s ta te  speotra
*Hujol i s  a oommeroial grads of purs liq u id  
p a ra ffin .
(Kujol and potassium bromide d isc )  as compared with those  
in  aqueous so lu tio n  are probably due to  changes in  the 
exten t of hydrogen bonding between the ammonia groups« I t  
has been suggested by Ohatt end h is  co-workers1C that many 
aiamine complexes form strong hydrogen bonds in  the s o lid  
s ta te  and th at th is  e f f e c t  can he avoided i f  the speotra  
are examined in  d ilu te  so lu tio n  in  a so lv en t which does not 
I t s e l f  form hydrogen bonds« U nfortunstely , most of the
compounds examined in  the present work are not s u f f ic ie n t ly  
so lu b le  in  such so lv e n ts  and the e f fe o t  cannot be avoided. 
Furthermore, i t  i s  c le a r ly  not p o ssib le  to  in terp re t the 
changes in  frequency on going from the s o lid  s ta te  sp ectra  
to  aqueous so lu tio n  in  terms o f the degree of hydrogen 
bonding of the complex, s in o e  the water i t s e l f  I s  capable 
of forming hydrogen bonds w ith the complex.
Ihe Nujol m u lls, in  whioh most of the s o lid  s ta t s  
speotra  ware examined, were prepared by grinding the sub­
stance with the b u jo l in  an agate p e s t le  and mortar.
Great oare was taken in  the preparation of th ese  sam ples| 
in  p a rtio u la r , the mull produced by prolonged grinding  
g en era lly  provided the most sa t is fa c to r y  spectrum, in s u f f i ­
c ie n t grinding g iv in g  l e s s  sharp absorption bands and 
considerable "background" absorption , due to  l ig h t  
sca tter in g «
In some oases the pressed potassium bromide d isc  
technique was used . The d iscs  were prepared by grinding  
pure, dry potassium bromide w ith the substance u n t il  a 
f in e  homogeneous powder was produced. I he powder was 
then pressed in to  a d is c , u sing the die and hand press 
supplied  by M essrs. H ilger & W atts. Pure potassium  
bromide gave a p e r fe c t ly  c lea r  d is c , but the incorporation  
of the substance caused a marked clouding of the d is c ,  
which produced appreciable sca tter in g  of the l ig h t  when 
more than 2-3# of the compound was p resen t. For the 
d etectio n  of some of the very weak absorption bands 
described la t e r ,  d isc s  contain ing 10-15# of substance 
would have been required and the comparable conoentr&tion 
‘could be obtained more e a s i ly  using a Nujol m ull.
An important disadvantage of the potassium  
bromide d isc s  i s  the tendency fo r  some of the compounds 
to  react w ith the potassium  bromide during the production  
of the d is c . Ih is  was p a r tic u la r ly  n o ticea b le  w ith  the  
copper and s i lv e r  ammines, whose spectra  showed marked 
d ifferen ce s  when examined as potassium bromide d is c s .
The main advantages of the d isc  technique were 
the sharper spectra  obtained in  oases where the foregoing  
d i f f i c u l t i e s  do not a r is e ,  and the absence of the 
absorption bands in  the region 1350-1500 cmT1 found fo r
Nujol and which n igh t obscure a maak absorption band duo 
to  the substance under exam ination, though the e f f e c t  of 
th ese  bands can be avoided by taking th is  portion  of the  
spectrum as a mull in  hexachlorbutadiene (R.B. ) which 
shows no appreciable absorption from 1^00 to  1200 emT1« 
Another use of the d iso  method i s  in  q u a n tita tiv e  s tu d ie s ,  
sin ce  the d isc s  oan be made of standard weight and con* 
ta in in g  known proportions of the substances in  fa c t  i t  
has been shown that in  some oases fo r  such d is c s  B eer's  
law i s  obeyed over a moderate concentration  range11«
In examining hygroscopic substances, such as 
anhydrous n ic k e l I I  tris(cthylcne-d lam m ine) d ich lo r id e , 
the m ulls and potassium bromide d isc s  were prepared using  
the Mdry box” method, described in  Chapter VII on the  
method of u sing  deuterium oxide in  the preparation of 
deuteroammines•
BJPBBIMSWIAL 
Preparation  of Conpounds examined.
The preparation of a l l  the compounds used i s  
described here togeth er  rather than in  the separate  
s e c t io n s , as the spectra  of some of the compounds examined 
are used to  i l lu s t r a t e  severa l d iffe r e n t  p o in ts of 
in te r e st«  An a la r  reagents were used wherever p o ssib le
and su p p lies  of o h lo rp la tin io  acid  and palladium d i­
ch lor id e  were obtained from Messrs« Johnson & Matt hey Ltd« 
Most o f the compounds examined are io n ic  and 
th is  means that in  many oases there i s  a p o ssib le  choice  
of the ion of opposite charge to  that being examined«
For c a tio n ic  complexes such as [Co(fTH^)gP* a wide 
v a r ia tio n  of anion i s  p o s s ib le , including h a lid e s ,  
su lp h ate, n itr a te  and p erch lorate, but w ith  many complexes 
the ease o f is o la t io n  of the cation  complex i s  a ffe c te d  
g rea tly  by the choice o f anion« With [Cu(HH^)^]^ the 
sulphate i s  rea d ily  obtained and i s  q u ite  s ta b le , but the 
ch lorid e i s  much more d i f f i c u l t  to  i s o la t e  in  a pure 
s ta t e ,  tending to  lo s e  ammonia to  g ive complexes contain­
ing coordinated ch lorine« Sim ilar d i f f i c u l t i e s  are 
found w ith the s i lv e r  ammines where the sulphate i s  e a s i ly  
Iso la te d  w ith two m olecules of ammonia, but the ammines
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of the ch lorid e are much le e s  d e f in ite  in  composition«
From a sp ectroscop ic  point of view i t  i s
d esira b le  th a t the anion should not show Infrared
absorption in  th e region being examined, and fo r  th is
reason halide complexes have been used wherever p o s s ib le .
Another d l f l lo u l t y  i s  th at in  some oases the a sso c ia ted
anion may a f fe c t  the v ib ra tio n s  of the coordinated ammonia
groups. This e f f e c t  has been examined by H ill  and 
1 2Rosenberg fo r  o o b a ltlo  am mine a, where i t  i s  shown th a t  
the la rg er  anions have the greater e f f e c t .  As th is  
e f f e c t  cannot be e lim in ated , s in ce  the complex ion s cannot 
e x is t  independently, i t  has been minimised by using the 
same anion as fa r  as p o s s ib le , co n s is ten t w ith  the  
s t a b i l i t y  of the complex concerned. For t h is  reason in  
most oases the oh lorlde ion  has been used , i t  being pre­
ferred  to  bromides and io d id es  beoause of i t s  sm all s i s e .  
Most of the work on th e [Cu(NHj)^]2* has been done on the  
sulphate in  s p ite  of the disadvantages described , as the 
deutération  expérimenta described la t e r  would have been 
extrem ely d i f f i c u l t  w ith  the unstable ch lo r id e .
Wherever there any doubt as to  the id e n t ity  
of a compound, i t s  com position was confirmed by mloro- 
a n a ly sis  •
Hex&rajiine cob alt I I I  ch lo r id e , l0 o(NHj )6 ]C1  ^ 1 ^
24 g . of hydrated oobaltous ch lor id e  and 16 g . 
of ammonium ch lor id e  were d isso lv ed  in  20 ml. w ater. 4 g . 
of freah  a c tiv e  charcoal were added and 50 ml of aqueous 
ammonia ( s .g .  0*88). The mixture was asrated  v igorou sly  
fo r  4 hours. The p r e c ip ita te  and a c tiv e  oarbon were then  
f i l t e r e d  and the hexammine co b a ltio  ch lorid e [Oo(KH^)^]C1^ 
d isso lv ed  in  a hot so lu tio n  of 150 ml water and 25 ml con­
centrated  hydrochloric a c id . The so lu tio n  was f i l t e r e d  
w hile s t i l l  hot and the yellow  hexammine s a l t  p rec ip ita ted  
by the ad d ition  of 40 ml concentrated hydrochloric acid  and 
co o lin g  in  lo e .  The p r e c ip ita te  was f i l t e r e d ,  washed w ith  
60# a lc o h o l, then absolu te a loohol and dried at 90*C.
Chloropentammine cob alt I II  ch lo r id e . [Co(NH^ )^ C ljc i^
20 g . of cob alt oarbonate were d isso lv ed  in  con­
centrated  hydrochloric acid  and the so lu tio n  f i l t e r e d .  I t  
was then added to  a so lu tio n  of 50 g . of ammonium oarbonate 
in  250 ml water to  which 250 ml of 10# by so lu tio n  of 
aqueous azmnomhad been added. Oxidation was then e ffe o te d  
by passing & stream of a ir  through the so lu tio n  in  & 
Buckner f la s k .  A fter 3 hours i t  was removed, 150 g . of 
ammonium ch lor id e  were added and the so lu tio n  was heated in
Cobalt complexes.
an evaporating baein on a w ater bath u n t i l  the volume was 
reduced to  about a quarter. I t  was then n eu tra lised  w ith  
d ilu te  hydroohlorio aoid and an exoess of 10 ml of ammonia 
( e .g .  0*88) was then added. This so lu tio n  was warmed on a 
water bath fo r  one hour, d ilu ted  to  400 ml and 300 ml of 
concentrated hydrochloric aoid added, heated fo r  $ hour 
and allowed to  o o o l. The c r y s ta ls  whioh separated were 
p u rified  by d is so lv in g  in  5 0 0  ml of 2# aqueous ammonia, and 
the compound rep reo ip lta ted  by the add ition  of 3 0 0  ml oon- 
centrated  hydroohlorio acid ) i t  was f l l t e r s d ,  washed w ith  
d ilu te  hydroohlorio aoid and absolu te a lc o h o l, then dried  
in  a ir .
14a
tra n s-Biohlorotetrammine cob alt I I I  ch loride [Co(HH^)^01g ]c i
A sample of th is  compound was a v a ila b ls  in  th is
laboratory and had been prepared by isom erisa tion  of the o is
15isomer as described by M erritt
trans-D iohloro-b is(ethylenedlam m ine) cob a lt I I I  oh loride
[C o(en)2C l2 ]c i
This compound was prepared as described by B a ila r1**.
60 g . of a 10# so lu tio n  of s th y lsn s  d ia m in e  were added to  a 
so lu tio n  of 16 g . of hydrated cob alt oh loride in  50 ml of
w ater. The mixture was ox id ised  in  the way described fo r  
the oob&lt hexeuunine fo r  10 hours. 35 ml concentrated  
hydroohlorio acid were added and the so lu tio n  evaporated on a 
water bath u n t il  a crust formed on the su r fa ce . The 
so lu tio n  was then allowed to  stand  over n ight and the product 
was then f i l t e r e d ,  washed w ith a lcoh o l and eth er , and dried  
at 120°C.
Trie (e th y len ediazmine) oobalt I II  ohloride rC o (e n )j jc i  ^ 1^
61 g* of 3 0 # ethylenediam ine and 17 ml of 6 H. 
hydroohlorio acid  were added to  a so lu tio n  of 24 g . of 
hydrated cob alt oh loride in  75 ml of w ater. The mixture 
was ox id ised  by a ir  as described p rev iously  fo r  3 hours.
The so lu tio n  was evaporated on a water bath u n t il  a cru st  
formed on th e su rfa ce , then 15 ml of concentrated hydro­
oh lorio  acid  and 3 0  ml ab so lu te e th y l a loohol were added.
The mixture was cooled  and the c r y s ta ls  f i l t e r e d ,  washed 
w ith aloohol and dried a t 160®C.
H.xaimUn. oobalt II  o h lo r id . [0oXI(HH^)fi301g 18
10 g . of hydrated oobalt oh loride were d isso lv ed  
in  the minimum quantity  o f hot water and added to  a hot 
so lu tio n  of concentrated aqueous ammonia. During th is  
prooess a stream of n itrogen  was passed over the so lu t io n .
4 1 .
On co o lin g , reddish brown cry sta l»  separated and the nether  
liq u o r  was siphoned o f f ,  the stream of n itrogen  being con­
tin u ed . the c r y s ta ls  were then washed f i r s t  w ith cancan 
trated  ammonia, then w ith absolu te e th y l a lcoh o l and f in a l ly  
dried under vacuum. The com position of the product was 
cheeked by determ ination o f the percentage of n itro g en , 
using th e micro KJeldahl method. [foundi H, 35*0.
C alc, fo r  Co(HH3 )6012 i H, } 6 ^ ] .
The rather low r e s u lt s  fo r  the percentage of 
ammonia in  th is  compound were not unexpected as the m ateria l 
evolved ammonia even at room tem perature. There was, 
however, no evidence from the spectrum of any su b sta n tia l 
change in  tb s nature of the oompound.
trane-Diohlorodiammine palladium  II  [Pd(NH3 )gClgI
Palladium d ich lo r id e  waa d isso lved  in  water 
contain ing  s u f f ic ie n t  d ilu te  hydrochloric acid  to  prevent 
hydrolysis*  Concentrated aqueous ammonia was added u n t il  
the so lu tio n  heoame p a ls yellow  and the tra n s-d lc h lo r o d i-  
smmine p rec ip ita ted  by ad d ition  of d ilu te  hydrochloric a c id ,
as a yellow  powder* This was f i l t e r e d  and dried at 100*C.
#
ol*-Dl*hlorodiam ain* palladium  II [pd(KH3)2012]
This compound was obtained in  the way desoribed
2 0by Grinberg and Shulman * A 10$ so lu tio n  of ammonium 
a ceta te  was added dropwise to  a cold so lu tio n  of potassium  
palladoohloride in  water* [ i g* PdCl^ ♦ 0*85 g KCl (2 mols) 
in  10 ml water]* Care was taken to  allow  the reaction  to  
go to  com pletion a f te r  each a d d itio n , before fu rth er ammonium 
a ceta te  so lu t io n  was addsd, s in e s  an excess led  to  the 
form ation of the pink oomplex [Pd(NH3 )^]PdCl^. The p r e c i­
p ita te  wae cen trifu ged  and washed w ith sev era l sm all portions  
of oold water* The product was dried in  a ir .
l alledoue OQiaplexe s .
Istrammine palladium II  d loh lor ld s monohydrate 
? d ( K H 3 ) <C l j . H 3 Q 21
The tran»»palladium diohlorodlammine was d isso lv ed  
by warming w ith a 2 M* so lu tio n  of ammonium ch lorid e con­
ta in in g  an excess of ammonia. The so lu tio n  was then allowed  
to  e x y s ta ll is e *  The w h ite , needle-shaped c r y s ta ls  were 
then washed w ith d ilu te  aqueous ammonia and dried in  a ir .
ois-D initrodiam m ine palladium  II  [Pd(MH3 )g(N02) 2 3 2 2
2*5 ml of concentrated ammonia were added to  1 g . 
of tran s-palladium  diohlorodlammine in  5 ml of o d d  water*
The so lu tio n  of palladium tetrammlne d lo h lo r id s formed was 
added to  a so lu tio n  of 2*6 g* of sodium n i t r i t e  in  7*5 ml 
water* '¿he mixture was allowed to  stand in  an evaporating  
basin  over eonoentrated sulphuric acid  in  a d esiccator*
The product was washed w ith  ic e -c o ld  w ater, a lcoh o l and 
eth er , and dried in  air*
tr a n .-Dinitrodlam m ln. palladium  II [l>d(HH3 )2(K02)2 ] 23
1 g* of tran s-palladium  dlehlorodiammlne was 
added to  a so lu tio n  of 3 g* sodium n i t r i t e  in  6 ml oold  
water and shaken fo r  12 hours, g iv in g  the w hite trana- 
Pd(KH3 ) 2(N0^)^. The product was oen trifu ged  and washed 
w ith w ater, a lcoho l and e th er , then dried  in  air*
4 4 .
got»»*iu» t .tr a n itr o p a lla d iu »  II  ^ [ pK hOj )^] 24
Pailadous ch lor id e  was d isso lved  by warning w ith  
an aqueous so lu tio n  o f potassium n it r i t e s  on coo lin g  
bright yellow  c r y s ta ls  of IC^PdiNOg)  ^ separated* These 
were p u rified  by r e c r y s ta llis a t io n *  (£  n itrogen
found 15*0 &2 [Pd(N02 )^] req u ires 1$*2£)*
The s ta r t in g  point in  the preparation of nearly  
a l l  th ese  complexes was potassium o h lo r p la t in ite , K^PtCl^. 
This was prepared as described by K e ller2® in  Inorganic 
Syntheses*
5 g . hydrated e h lo r p la tln io  acid  were d isso lv ed  
in  50 ml water and the potassium  s a lt  K^PtCl^ wa® P1*®0*?*-* 
ta ted  by the ad d ition  of 1*6 g* of potassium ch lor id e  
d isso lv ed  in  15 ml water* The p r e c ip ita tio n  was completed
by the addition  of an equal volume of a lcoh o l and oooling  
in  ice*  The p r e c ip ita te  waa then washed by deoantatlon  
su c c e ss iv e ly  w ith $0^ a lc o h o l, 95?' a lcoho l and ether*
The p r e c ip ita te  was then mixed w ith  39 ml water 
and reduced, using a fr e sh ly  prepared aqueous so lu tio n  of 
sulphur dioxide* The so lu tio n  was s t ir r e d  m echanically and 
heated on a w ater bath, the sulphur d iox ide so lu tio n  was 
added very slow ly  to  prevent the formation o f su lp h ite  com* 
plexes* A fter eaoh ad d ition  the odour of sulphur d ioxide  
was allowed to  disappear before more was added* The 
process was continued u n t i l  only a tra ce  of the In so lu b le  
potassium p la t in io h lo r id e  remained* The volume of the 
so lu tio n  was maintained at 3$ ml throughout by ad d ition  of 
water* The so lu t io n  was then evaporated to  the point of 
c r y s t a l l i s a t io n ,  d isso lv ed  in  60 ml water and f i l t e r e d .
P l a t i n o u s  c o m p l e x e s *
600 ml of a mixture of equal parts a lc o h o l/e th e r  
was added and the p r e c ip ita te  was washed by decsn tation  
with a mixture of a ce to n e /e th er , then e th er , and f in a l ly  
dried in  air«
The product was r e c r y sta llia e d  from w ater con­
ta in in g  a few drops of concentrated hydrochloric acid  to  
e lim in ate  tra ces  of sulphate impurity«
Tetrammine platinum II  d ich lor id e  [Pt(NH^)^jci^
This compound was prepared according to  the 
method described by K e l le r ^ .
5 g . of c h lo r p la tln io  acid  dihydrate in  36 ml 
water were reduced in  the same way as the potassium s a lt  de­
scribed  previously  (the so lu tio n  being te s te d  for  complete 
reduction when saturated ammonium ch lorid e so lu tio n  gave no 
p r e o ip ita te ) • The reduced so lu tio n  was d ivided  in to  two 
portions« One was d ilu te d  to  10C ml, heated to  b o ilin g  and 
125 ml so lu tio n  of concentrated ammonia added slow ly  w ith  
continual s t ir r in g j  heating was continued u n t i l  the yellow  
colour had disappeared. ihe so lu tio n  of tetrammlne s a lt  
obtained was heated on a water bath u n t i l  there was only a 
fa in t  odour of ammonia« The other portion  of oh lorp latinous  
acid so lu tio n  was added to  i t  and the green s a l t ,  
[Pt(HE3 )4 lFtC l4 p r e c ip ita te d . This was washed w ith water
by deo&nt&tion u n t il  no p rec ip ita te  o f barium sulphate was 
obtained on addition  of barium chloride* The s a l t  was then 
sucked dry on a f i l t e r  fu n n el, and then mixed w ith 25 ml 
water, 2 ml concentrated hydrochloric acid and 100 ml oancen 
tr&ted aqueous ammonia« This mixture was heated to  just 
below 100°C and s t ir r e d  m echanically u n t il  the green s a l t  
gradually d isso lved  to  g ive  P tiN H ^ C l^  in  so lu tion «  When 
the so lu tio n  was complete the liq u id  was evaporated u n t il  
the r a e l l  of ammonia disappeared, the volume was then 
adjusted to  50 ml, th e so lu tio n  made ju st acid to  litm us  
w ith d ilu te  hydrochloric a c id , 1 ml excess concentrated  
hydrochloric acid  added and the tetrammine complex p r e c ip i­
tated  by addition  of 500 ml of a 50i50 a lcoh o l/aceton e  
mixture« A fter standing 1 hour the p re c ip ita te  was washed 
w ith 50 ml portions of a lco h o l/a ceto n e , then acetone and 
f in a l ly  e th er , and dried in  air«
trana-Biohlcrodiammlne platinum II  [Ft(NHj)201g]
This was prepared from the tetrazraaine described  
above by B iltz 2 7 # 1 g . of the tetrammine was heated to  
250#C for  20 minutes in  a t e s t  tube immersed in  an o i l  
bath« The residue was extracted  w ith hot water and 
f ilte r e d «  The f lo c o u la n t, almost white p reo lp ita te  which 
separated on coo lin g  was then r e c r y s ta llis e d  from w ater. 
Y ield  0*A-0*5 g*
oi£-dioblorodiam »ine platinum I I  [Pt (KH^^Olg]
Attempts to  make th is  complex by the method of 
B ilta  and h i l t s  v gave Tery low y ie ld s ,  and the compound 
was prepared by the method of «idrganson^. Ammonium 
ch lo rp la tin a te  was obtained by n e u tr a lis in g  a sample of 
o h lo rp la tin io  acid  and c r y s t a l l i s in g  the so lu tion «  The 
e h lo r p la tin a te  was reduced to  the c h lo r p la t in ite  as 
described fo r  the potassium sa lt«  2 g« of the ammonium 
c h lo r p la t in ite  were d isso lv ed  in  10 ml water and cooled  in
ice«  $ ml of ic e -c o ld  5 N. aqueous ajmaonia were added and
... «
the so lu tio n  allowed to  stand for 12 hours a t 0*C. The 
product was washed w ith iced  water to  remove the tetraam ine, 
then washed w ith b o ilin g  w ater, the f i l t r a t e  mixed w ith one 
s ix th  of i t s  volume of concentrated hydrochloric aoid and 
allowed to  stand fo r  24 hours. The s a l t  was then  
f i l t e r e d ,  washed w ith  a lc o h o l and dried in  air«
P o t a . . lu .  t«trapltroplfctln>m  XI ^ < » 0 ^  ^
1 g* potassium  c h lo r p la tin a te , X^LltCl^J, was 
warmed w ith an aqueous so lu tio n  of 5 g . of potassium n i t r i t e  
in  10 ml w ater. The yellow  potassium ch lo rp la tin a te
slow ly d isso lv e d , the potassium n i t r i t e  f i r s t  reducing the
I V  I IPt to  Pt and then reactin g  to  g ive the tetr& nitro  
complex« The almost o o lo u r less  so lu tio n  which resu lted
w a s  s e t  a s i d e  e n d  a l l o w e d  t o  e v a p o r a t e .  A f t e r  3 d a y s  t h e  
v e r y  p a l e  y e l l o w  c r y s t a l s  w h i c h  s e p a r a t e d  o u t  w e r e  r e m o v e d  
a n d  r e o r y s t a l i i s e d  f r o m  h o t  w a t e r .  A s e o o n d  c r o p  o f  
o r y s t a l s  c o u l d  b e  o b t a i n e d  f r o m  t h e  m o t h e r  l i q u o r .
c i s - j D i n i t r o d i a m m i n e  p l a t i n u m  I I  P t ( N H ^ ) g ( N O g ) g  ^
0 * 5  g .  o f  p o t a s s i u m  t e t r a n i t r o  p l a t i n u m  I I  w a s  
d i s s o l v e d  i n  5 m l  w a t e r .  2% m o l s  o f  N .  a q u e o u s  a m m o n ia  
w e r e  t h e n  a d d e d  a n d  t h e  d l a m m i n e  s l o w l y  s e p a r a t e d  a s  a n  
a l m o s t  w h i t e ,  f l o o o u l a n t  p r e c i p i t a t e .  T h i s  w a s  r e  c r y s ­
t a l l i s e d  f r o m  h o t  w a t e r  s e v e r a l  t i m e s  a n d  d r i s d  i n  a i r .
c i s - C h l o r o n i t r o d i a i m a i n e  p l a t i n u m  I I  P tC K H ^ )g N O ^ C l
T h e  c o m p o u n d  K ^ L P t O l y l O g ]  w a s  p r e p a r e d  b y  a d d i n g
1 m o l  p o t a s s i u m  n i t r i t e  t o  a  s o l u t i o n  o f  1 m o l  p o t a s s i u m
o h l o r p l & t i n l t e  a n d  c r y s t a l l i s i n g  t h e  s o l u t i o n .  I t  w a s
C l
h o p e d  t o  p r o d u c e  t h e  c o m p l e x  t r a n s  N 0 o -  P t -  HHn b y
d  C l  J
a d d i t i o n  o f  a q u e o u s  a m m o n i a ,  b u t  t h e  a d d i t i o n  o f  o n l y  o n e
m o l  o f  a q u e o u s  a m m o n i a  g a v e  a  p r e o i p i t n t e  w h i c h  a n a l y s i s  
s h o w e d  t o  b e  t h e  d i a m m i n e .  I . P t ( N H ^ ^ N O g j C l  r e q u i r e s  
Ns 1 3 * 5 #  F o u n d s  H i 1 3 * 6 5 ^ ] *  No f u r t h e r  a t t e m p t  w a s  
m a d e  t o  p r e p a r e  t h e  m o n a m m in e ,  a s  w h e n  t h e  s p e c t r u m  w a s  
s e e n ,  e v e n  w i t h  b o t h  a m m o n i a  g r o u p s  p r e s e n t ,  t h e  a b s o r p t i o n
d u e  t o  t h e  n i t r o  g r o u p  w a s  s o  s t r o n g  t o  p r e v e n t  
d e t e c t i o n  o f  t h e  P t —N R . a b s o r p t i o n  b a n d s *  T h e  p r e p a r a t i o n  
o f  t h e  d i a m m i n e  w a s  c o m p l e t e d  b y  a d d i t i o n  o f  a  f u r t h e r  o n e  
m o l  o f  a q u e o u s  a m m o n ia *  T h e  p r o d u c t  w a s  r e c r y s t a l l i s s d  
f r o m  w a t e r *
o i s -  a n d  t r a n s - D i o h l o r o - b i a - ( d i e t h y l  s u l p h i d e )  p l a t i n u m  I I *
[ ( c 2 H 5 ) 2 s ) 2P t c i 2 3
T h e s e  c o m p o u n d s  w e r e  m a d e  a s  d e s c r i b e d  b y
>o
A n g e l l ,  B re w  a n d  W a r d l a w J  .
2 gm o f  p o t a s s i u m  c h l o r p l a t i n i t e  w e r e  d i s s o l v e d  
i n  1 0  m l .  w a t e r  a n d  1*1 g *  ( 2 * 5  m o l s )  o f  d i e t h y l  s u l p h i d e  
a d d e d  i n  a  s t o p p e r e d  f l a s k *  T h e  m i x t u r e  w a s  s h a k e n  f o r  
2  h o u r s  a n d  i f  t h e  t r a n s  i s o m e r  w a s  r e q u i r e d  t h e  c r y s t a l s  
w h i c h  f o r m e d  w e r e  r e m o v e d  a n d  c r y s t a l l i s e d  f r o m  6 0 - 8 0  
p e t r o l e u m  e t h e r *  F o r  t h e  c i s  c o m p o u n d  t h e  m i x t u r e ,  a f t e r  
s h a k i n g  f o r  2  h o u r s ,  w a s  a l l o w e d  t o  s t a n d  o v e r  n i g h t ,  w h e n  
m u c h  o f  t h e  p r e c i p i t a t e  r e d i s s o l v e d *  T h e  m i x t u r e  w a s  
f i l t e r e d  a n d  t h e  c l e a r ,  l i q u i d  w a s  a e r a t e d  a t  l a b o r a t o r y  
t e m p e r a t u r e  b y  m e a n s  o f  a  f i l t e r  pum p* G r a d u a l l y  a  f i n e  
p a l e  y e l l o w  p r e c i p i t a t e  o f  t h e  o i a  i s o m e r  p r e c i p i t a t e d *
T h i s  w a s  f i l t e r e d ,  d r i e d  i n  a i r  a n d  e x t r a c t e d  w i t h  w a rm  
p e t r o l e u m  e t h e r  t o  r e m o v e  a n y  t r a c e  o f  t r a n s  i s o m e r *  T h e  
m e l t i n g  p o i n t s  o f  t h e  t w o  p r o d u c t s  w e r e  m e a s u r e d  a n d  f o u n d
5 1 .
4
t o  b e  1 0 7  -  1 °C • S h e y  c o u l d  n o t  t h e r e f o r e  b e  d i s t i n g u i s h e d  
t h i s  w a y 0 b u t  t h e  s h a r p  m e l t i n g  p o i n t  s h o w e d  t h a t  t h e y  w e r e  
p u r e  i s o m e r s ,  a s  a r t i f i c i a l  m i x t u r e s  h a d  &  c o n s i d e r a b l y  
l o w e r  m e l t i i i &  p > i n t * .
1 1 ^~a*« .D ic h lo ro « >  ( d i e t h y l  s u l p h i d e ) m on& ram ine p l a t i n u m  I I
5 * 3  6  o i a - C & t ^ S ) ^ P t C l g  a n d  4 * 6  g .  s o d i u m  o h l o r -  
p l a t i n i t e  w e r e  d i s s o l v e d  i n  2 2 0  m l  95>' e t h y l  a l c o h o l  a n d  
k e p t  a t  4 5 * 0  f o r  4  h o u r s  w i t h  f r e q u e n t  s h a k i n g .
S h e  y e l l o w  p r e c i p i t a t e  w a s  t h e n  w a s h e d  w i t h  
a l e o h o l  a n d  w a t e r  a n d  d r i e d  i n  a i r *
1 m o l  o f  t h i s  c o m p o u n d  w a s  t h e n  a l l o w e d  t o  r e a c t  
w i t h  2  m o l e  o f  a m m o n ia  i n  9 5 #  a l c o h o l ,  t h e  c o m p o u n d  d ie -»  
s o l v i n g  t o  g i v e  a  y e l l o w  s o l u t i o n ,  w h i c h  o n  e v a p o r a t i o n  
y i e l d e d  a  y e l l o w  o i l  w h i c h  c r y s t a l l i s e d  s l o w l y .  S h i s  i s  
t h e  m e t h o d  d e s c r i b e d  g e n e r a l l y  b y  C h & t t  a n d  V e n a n s i ^ ,  t h e  
r e a c t i o n  b e i n g  o f  t h i s  f o r m
n
w a s  p r e p a r e d  a s  d s s o r i b e d  b y  C h a t t  a n d  Y e n & n s i* ’ .
C 1  * ? 3  C l
3
S h e  p r o d u c t  w a s  n o t  p u r i f i e d  f u r t h e r  a e  t h e  p r o b a b l e
i m p u r i t i e s  w o u l d  n o t  b e  l i k e l y  t o  a f f e c t  t h e  s p s e t r o -
a o o p i o  r e s u l t s .  S p e c t r o s c o p i c  e v i d e n c e  d i d  s h o w  t h e
p r e s e n c e  o f  b o u n d  a m m o n i a  a n d  d i e t h y l s u l p h l d e .  F o r
e x a m p l e ,  t h e  a b s o r p t i o n  b a n d  a t  8 3 5  c m ! 1 i s  c h a r a c t e r i s t i c
r o o k
o f  c o o r d i n a t e d  a m m o n i a ( O g g  ) a n d  t h e  b a n d s  a t  6 7 9  e n d
•»1 5
7 2 7  c m .  a r e  c l e a r l y  t h e  v i b r a t i o n  f r e q u e n c i e s  f o r  d i e t h y l
s u l p h i d e  i t s e l f  a s  m o d i f i e d  b y  c o o r d i n a t i o n .
A n a l y s i s  o f  t h i s  c o m p o u n d  g a v e  t h e  f o l l o w i n g
r e s u l t s t  [ F o u n d s  0 ,  1 2 * 7 |  E ,  3 * 6 .  C a l c ,  f o r
P t ( E t g S ) N H ^ C lg i  C ,  1 2 » 8 f  H , 3 * 5 # . )
D e t e r m i n a t i o n  o f  n i t r o g e n  i n  t h i s  c o m p o u n d
p r o v e d  d i f f i c u l t  a s  t h s  k j s l d a h l  m e t h o d  g a v e  l o w  r e s u l t s
a n d  t h e  m i c r o  D um as m e t h o d  h i g h  r e s u l t s .  T h e  f i g u r e s
o b t a i n e d  a r e  t h e r e f o r e  o f  n o  v a l u e .
2 e i s e f s  s a l t ,  K g ( C g E 4 ) P t C l y H g O #  b y  l e n s  p l a t i n u m  I I
C qH .  C l  0 1
2 4 \  /  \  /
c h l o r i d e . P t  P t
/  \  \
C l  C l  C 2H4
T h e s e  c o m p o u n d s  w e r e  o b t a i n e d  a e  d e s c r i b e d  b y
C h a t t ^ «  1 * 5  g*  p o t a s s i u m  c h l o r o p l a t i n i t e  w e r e  d i s s o l v e d
i n  7 * 5  m l  o f  4 #  h y d r o o h l o r i c  a c i d .  T h i s  s o l u t i o n  p u t
i n  a  1 5 0  m l  l o n g - n s o k e d  f l a s k ,  w a s  s h a k e n  f o r  1 0  d a y s
l a  a n  a t m o s p h e r e  o f  e t h y l e n e .  T h e  e t h y l e n e ,  w h i o h  w a s  
r e n e w e d  a t  i n t e r v a l e  d u r i n g  t h e  p r e p a r a t i o n ,  w a s  o b t a i n e d
f r o m  a  c o m m e r c i a l  c y l i n d e r  a n d  w a s  p a s s e d  t h r o u g h  a  b u b b l e r
%
c o n t a i n i n g  c u p r o u s  c h l o r i d e  i n  d i l u t e  h y d r o c h l o r i c  a c i d  t o  
a b s o r b  a n y  c a r b o n  m o n o x i d e  i m p u r i t y .  (X h e  c o m p l e x  o f  
c a r b o n  m o n o x i d e  w i t h  o u p r o u s  c h l o r i d e  i s  m o r e  s t a b l e  t h a n  
t h a t  o f  e t h y l e n e  a n d  w i l l  f o r m  p r e f e r e n t i a l l y ) • X h e  g a s  
w a s  t h e n  p a s s e d  t h r o u g h  w a t e r  a n d  t h e n c e  i n t o  t h e  r e a c t i o n  
f l a s k .
Z . i . . ' .  a  a l t ,  K U C g H ^ P t S l - J i H j O  w a s  t h u s  o b t a i n e d  
f r o m  t h e  g o l d e n  c o l o u r e d  s o l u t i o n  b y  c o o l i n g  i n  i o s  a n d  
r e m o v i n g  t h e  y e l l o w  c r y s t a l s .  (A f u r t h e r  c r o p  o f  c r y s t a l s  
w a s  o b t a i n e d  b y  a l l o w i n g  t h e  s o l u t i o n  t o  e v a p o r a t e  i n  a i r ) .  
I f  t h e  b r i d g e  c o m p o u n d  [ ( C ^ H ^ J P t C l ^ ] ^  w* *  r e q u i r e d ,  t h e  
s o l u t i o n  o b t a i n e d  a b o v e  w a s  t a k e n  t o  d r y n e s s  o v e r  c o n c e n ­
t r a t e d  s u l p h u r i c  a c i d  a n d  s o d i u m  h y d r o x i d e  p e l l e t s ,  a n d  t h e  
s o l i d  r e s i d u e  e x t r a c t e d  w i t h  2 0  m l  o f  a b s o l u t e  a l c o h o l  
c o n t a i n i n g  0 * 6  m l  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d «  X h e  
s o l u t i o n  w a s  f i l t e r e d  a n d  t a k e n  t o  d r y n e s s  u n d e r  r e d u c e d  
p r e s s u r e  ( t e m p e r a t u r e  b e l o w  & 0 ° C ) .  X h e  p r o d u c t  w a s  a  
r e d d i s h  p o w d e r .
t r a n e - l J i o h l o r o - e t h y l e n e - m o a a a i t i i u i n e  p l a t i n u m  I I .
[ P t ( 0 2h 4 ) (N H 3 ) C l 2 ]
T h i s  w a a  o b t a i n e d  a e  a  y e l l o w  p r e o i p i t a t e  w h e n  
2  N .  a q u e o u s  a m m o n ia  w a s  s l o w l y  a d d e d  t o  a n  a q u e o u s  s o l u t i o n  
o f  t h e  Z s i o e 9s  s a l t  d e s c r i b e d  a b o v e .  T h e  c o m p o s i t i o n  w a s  
c o n f i r m e d  b y  a n a l y s i s .  ( F o u n d s  C ,  7 * 7 ;  E ,  2 * 2 5 ;  N ,  4 * 5 «  
C a l c ,  f o r  P t ( 0 2H4 ) (K H 3 ) C l 2 t 0 ,  7 * 6 ;  H , 2 - 1 8 ;  H , 4 * 6 # )
t r a n s - D l c h l o r o e t h y l e n e - t r i i a e t h y l a m l n e  p l a t i n u m  I I .
o a r e  h a d  t o  b e  t a k e n  t o  a v o i d  a n  e x c e s s  o f  t h e  a m m l n e ,  w h i c h  
w a s  a d d e d  a s  a n  a q u e o u s  s o l u t i o n  o f  t h e  h y d r a t e  u n t i l  t h e  pH 
o f  t h e  s o l u t i o n  r e a c h e d  a  v a l u e  o f  7* T h e  y i e l d  o b t a i n e d  
i n  t h i s  r e a c t i o n  w a s  a b o u t  2 5 # *  T h e  c o m p o s i t i o n  w a s  
c o n f i r m e d  b y  a n a l y s i s .  [ ( C H ^ J j K i O g H ^ j P t C l g  r e q u i r e s !
C ,  1 7 * 0 ;  H # 3 * 7 # .  F o u n d i  C ,  1 6 * 8 |  H ,  3 * 7 # ) .  Tfas 
p r o d u o t  w a s  u n s t a b l e  a n d  s l o w l y  d a r k e n e d  o n  s t a n d i n g ,  w i t h  
l o s e  o f  t r i m e t h y l a m i n e .
T h i s  w a a  o b t a i n e d  s i m i l a r l y ,  b u t  i n  t h i s  o a s e
T e t r a m m i n e  o u p r i c  s u l p h a t e ,  mon o h y d r a t e  [ C u ( H H ^ ) 4 j s Q ^ .H g O
2 0  g .  o f  h y d r a t e d  o u p r i c  s u l p h a t e  w e re  d i s s o l T s d  i n
a  s o l u t i o n  o f  2 0  m l  w a t e r  a n d  3 0  m l  c o n c e n t r a t e d  a q u e o u s
a m m o n i a .
3 0  m l  e t h y l  a l c o h o l  w e re  t h e n  a d d e d  s l o w l y  t o  
p r e o i p i t a t e  t h e  e o m p l e x ,  w h i c h  w a s  t h e n  f i l t e r e d ,  w a s h e d  w i t h  
a  l i t t l e  5 0 #  a q u e o u s  a l e o h o l  a n d  d r i e d  o v e r  q u i o k l i m e .
T e t r a m m i n e  o u p r i o  c h l o r i d e  lCu ( N H ^ ) ^ ] c 1 ^  ^
T h e  h y d r a t e  o f  t h i s  s a l t  w a s  p r e p a r e d  b y  d i s ­
s o l v i n g  h y d r a t e d  o u p r i e  c h l o r i d e  i n  h o t  c o n c e n t r a t e d  a m m o n i a ,
a n d  a l l o w i n g  i t  t o  c r y s t a l l i s e .  T h e  d e e p  b l u e  c r y s t a l s  o f  
t h e  h y d r a t e ,  [C u ( N H ^ ) ^ ] 0 1 ^ . H 2 0 ,  w e r e  t h e n  a l l o w e d  t o  s t a n d  
o v e r  a  m i x t u r e  o f  f i n e l y  p o w d e r e d  q u i c k l i m e  a n d  am m o n iu m  
o h l o r i d e  f o r  a  w e e k .  T h e  i n f r a r e d  s p e c t r u m  o f  t h e  p r o d u c t  
t h e n  s h o w e d  o n l y  a  t r a c e  o f  w a t e r  r e m a i n i n g  a n d  t h e  c o m p o s i ­
t i o n  w a s  o o n f l r m e d  b y  d e t © r m i n a t i u n  o f  t h e  p s r c e n t a g e  o f  
n i t r o g e n  a s  d e s o r i b s d  b e f o r e *  [ F o u n d s  N ,  2 4 * $ *  C a l c *  
f o r  Cu (NH3 ) 4C 1 2 i H ,  2 7 * 7 # h
A s  w i t h  t h e  o o b a l t o u s  h e x a m m in e  t h i s  c o m p o u n d  
l o s t  w e i g h t  r a p i d l y  o n  s t a n d i n g  i n  a i r ,  a n d  w a s  f o r  t h i s  
r e a s o n  d i f f i c u l t  t o  w e i g h  f o r  t h e  d e t e r m i n a t i o n  o f  n i t r o g e n .
I t  w a s  f o u n d  t h a t  o n  s t a n d i n g  i n  a i r  u n t i l  c o n s t a n t  w e i g h t
w a s  a t t a i n e d  t h e  c o m p o u n d  l o s t  t h e  e q u i v a l e n t  o f  1 m o l  
a m m o n ia «
D i a m i n e  s i l v e r  s u l p h a t e  L A g (H H ^ ) g 3 g S 0 ^  ^ 7
1 0  g .  o f  p o w d e r e d  s i l v e r  n i t r a t e  w e r e  h e a t e d  
w i t h  3 2  m l  o f  2  R* s u l p h u r i c  a e i d  i n  a n  e v a p o r a t i n g  b a s i n  
u n t i l  a l l  e x c e s s  s u l p h u r i c  a c i d  h a d  b e e n  r e m o v e d «  W h i l e  
s t i l l  h o t  t h e  r e s i d u e  w a s  d i s s o l v e d  i n  1 0  m l  o f  c o n c e n t r a t e d  
a q u e o u s  a m m o n i a ,  f i l t e r e d  a n d  a l l o w e d  t o  c r y s t a l l i s e .  T h e  
l a r g e  c r y s t a l s  w h i c h  w e r e  f o r m e d  w e r e  r e m o v e d  a n d  p r e s s e d  
b e t w e e n  f i l t e r  p a p e r «  f h e  p r o d u c t  w a s  s t o r e d  i n  t h e  d a r k ,  
i h e  s p e c t r a  w e r e  d e t e r m i n e d  o n  a  f r e s h  s a m p l e  w h e r e v e r  
p o s s i b l e  a s  t h e  m a t e r i a l  u n d e r w e n t  s u p e r f i c i a l  d a r k e n i n g ,  
p a r t i c u l a r l y  o n  e x p o s u r e  t o  l i g h t .
38
f e t r a r m a i n e  l i n o  c h l o r i d e  L Z n (N H ^ )^ 3 c i ^
A s t r e a m  o f  a m m o n ia  g a s  w a s  p a s s e d  t h r o u g h  a  h o t ,  
c o n c e n t r a t e d  a q u e o u s  s o l u t i o n  o f  z i n c  c h l o r i d e  u n t i l  t h e  
p r e c i p i t a t e  f i r s t  f o r m e d  j u s t  r e d i s s o l v e d .  f h e  s o l u t i o n  
w a s  t h e n  a l l o w e d  t o  c o o l  a n d  t h e  c r y s t a l s  w h i c h  s e p a r a t e d  
f i l t e r e d  a n d  d r i e d  b e t w e e n  f i l t e r  p a p e r .
D i a a m i n e  m e r c u r i c  c h l o r i d e  H g t N H . ^ O l ^  ^
. n w a w n w i m i T i n i - i i i T i i m riiwfi r  irr — ~ n iw i r i t m u- m r  - n i —  r  --------------------- —~
A h o t  o o n o e n t r a t e d  s o l u t i o n  o f  am m o n iu m  c h l o r i d e  
  ___________________________________________________________
w a s  p r e p a r e d  a n d  s m a l l  q u a n t i t i e s  o f  f i n e l y  g r o u n d  m e r o u r i o  
o x i d e  a d d e d *  W hen t h e  r a t e  o f  s o l u t i o n  o f  t h e  o x i d e  b e c a m e  
v e r y  s l o w ,  t h e  a d d i t i o n  w a s  s t o p p e d  a n d  t h e  s o l u t i o n  a l l o w e d  
t o  c r y s t a l l i s e .  T h e  c o l o u r l e s s  o r y s t a l e  o f  H g ( N H ^ ) 20 1 2 
w h i e h  s e p a r a t e d  c o u l d  n o t  b e  r e c r y s t & l l i s e d  a s  t h e y  a r e  
d e c o m p o s e d  b y  w a t e r  a n d  t h e  p r o d u c t  w a s  a l w a y s  c o n t a m i n a t e d  
w i t h  so m e  am m o n iu m  c h l o r i d e ,
b i s - ( e t h y l e n e d i a m m l n e )  c u p r i o  o h l o r i d e  [ C u ( e n J ^ J c i ^ . H ^ O
5 * 3  £ •  o f  h y d r a t e d  c u p r i e  o h l o r i d e  i n  a q u e o u s  
s o l u t i o n  w e r e  m i x e d  w i t h  3 * 8  g .  o f  e t h y l e n e  d i a m i n e  a n d  t h e  
s o l u t i o n  a l l o w e d  t o  c r y s t a l l i s e .  T h e  c r y s t a l s  w h i c h  
d e p o s i t e d  w e r e  e x t r a c t e d  w i t h  c o l d  a b s o l u t e  a l c o h o l  a n d  
c r y s t a l l i s e d .  ï h e  p u r p l e  n e e d l e s  w e r e  r e c r y s t a l l i s e d  
s e v e r a l  t i m e s  f r o m  a l c o h o l .  A s a m p l e  o f  t h i s  p r o d u c t  w a s  
d i s s o l v e d  i n  w a t e r  a n d  a  s o l u t i o n  o f  p o t a s s i u m  o h l o r p l a t i n i t e  
a d d e d  t o  i t ,  g i v i n g  a  b l u i s h - p i n k  p r e c i p i t a t e  o f  t h e  c o m p o u n d  
* C u ( e n ) ^ ] [ D t C l ^ ] • A s t h i s  w a s  a n h y d r o u s  i t  w a s  m o r e  u s e f u l  
f o r  t h e  s p e c t r o s c o p i c  e x a m i n a t i o n ,  t h e  a b s o r p t i o n  b a n d s  d u e  
t o  t h e  w a t e r  o f  c r y s t a l l i s a t i o n  b e i n g  a v o i d e d .  T h e  c o m p o ­
s i t i o n  w a s  c o n f i r m e d  b y  a n a l y s i s .  [ F o u n d s  R ,  1 0 * 3 *
C a l o .  f o r  [ C u ( e n ) 2 ] [ F t 0 1 4 3s N , 1 0 * 7 * ] .
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t r i s ~ ( e t h y l e n e d i a m m i n e )  n i c k e l  I I  c h l o r i d e  [ M ( e n ) 3 3 c i g
1 0  g .  o f  h y d r a t e d  n i c k e l  c h l o r i d e  w e r e  d i e s o l v e d  
i n  w a t e r  a n d  1 3  d *  o f  6 0 #  e t h y l e n e d i a m i n e  a d d e d .  T h e  
s o l u t i o n  w a e  t h e n  a l l o w e d  t o  c r y s t a l l i s e  i n  a i r  a n d  t h e  
v i o l e t  c r y s t a l s  o f  t h e  d i h y d r a t e  w h i c h  s e p a r a t e d  w e r e  
r e c r y s t a l l i s e d  f r o m  w a t e r *  T h e  c o m p o u n d  w a e  d e h y d r a t e d  b y  
h e a t i n g  t o  1 2 0 ° C y i n  v a e u o *  o v e r  m a g n e s i u m  p e r c h l o r a t e .  
S p e c t r o s c o p i c  e x a m i n a t i o n  o f  t h e s e  c o m p o u n d s  s h o w e d  t h a t  n o  
c h a n g e  i n  s t r u c t u r e  h a d  t a k e n  p l a o e  d u r i n g  t h e  d e h y d r a t i o n  
a n d  t h e  c o m p o s i t i o n  w a e  c o n f i r m e d  b y  a n a l y s i s *  [ F o u n d t  
C ,  2 2 * 8 ;  H , 7 - 7 .  C a l c ,  f o r  U i ( e n ) 3 ] c i 2 t C ,  2 3 * 2 $
H , 7 * 7  J
F I G .  7
"DRY BOX"
FOR HANDLING SUBSTANCES IN  THE ABSENCE OF 
ATMOSPHERIC MOISTURE.
FIG .7
DRY BOX
f o r  h a n d l i n g  S u b s t a n c e s  i n  t h e  A b s e n c e  o f  
A t m o s p h e r i c  M o i s t u r e
CHAP1EB V I I .  
EXPKRXMEHfXAL. 
P r e p a r a t i o n  o f  D e u t e r o a m f . d n e > .
T h e  d e u t e r o a a m i n e s  w e r e  a l l  p r e p a r e d  b y  e x c h a n g e  
o f  t h e  a m m o n ia  c o m p l e x e s  w i t h  p u r e  d e u t e r i u m  o x i d e ,  i t  
h a v i n g  b e e n  s h o w n  p r e v i o u s l y  t h a t  a  f a i r l y  r a p i d  e x c h a n g e  
o f  h y d r o g e n  a n d  d e u t e r i u m  w i l l  t a k e  p l a c e  i n  s u c h  c o m p o u n d s .  
I  h i e  m a y  s e e m  s u r p r i s i n g  w h e n  t h e  g r e a t  s t a b i l i t y  o f  t h e s s  
c o m p l e x e s  i s  c o n s i d e r e d ,  b u t  i t  a r i s e s  s i n c e  t h e y  n o t  o n l y  
d i s s o c i a t e  a c c o r d i n g  t o  t h e  e q u a t i o n
M( NH3 > x  *  H2 °  — *  M(NH3 ) x - 1 *H2 °  *  r a 3
b u t  a l s o  b e h a v e  a s  a c i d s ,  i o n i s i n g  a s  f o l l o w s :
U ( a a 3 ) x F *  »=*: [ * ( n i 3 ) x , 1i i s 2 ] < y ‘, 1 ) +  + h +
a n d  t h u s  b o t h  p r o c e s s e s  w i l l  c o m b i n e  t o  p r o m o t e  t h e
42e x c h a n g e  • A l l  h a n d l i n g  o f  t h e  d e u t e r i u m  o x i d e  a n d  t h e  
r e s u l t i n g  d e u t e r o a m m i n e  h a s  t o  b s  c a r r i e d  o u t  a s  f a r  a s  
p o s s i b l s  i n  a  “ d r y  b o x * 1 t o  m i n i m i s t  t h e  r a p i d  s x o h a n g s  w h i c h  
t a k e s  p l a c e  b e t w e e n  d e u t e r i u m  o x i d e  a n d  a t m o s p h e r i c  
m o i s t u r e *  ¿ h e  “d r y  b o x "  s h o w n  i n  f i g *  7 c o n s i s t s  q u i t e  
s i m p l y  o f  a  c a r e f u l l y  s e a l e d  b o x  w i t h  t r a n s p a r e n t  p e r s p e x  
p a n e l s *  I n  t h e  f r o n t  o f  t h e  b o x  a r e  t w o  o r  t h r e e  e i r o u l a r  
a p e r t u r e s  i n  w h i c h  r u b b e r  g l o v e s  a r e  s e a l e d .  T h e  a i r  i n  
t h e  b o x  i s  c i r c u l a t e d  b y  m e a n s  o f  a n  e l e o t r i o  pum p o v e r
a o t i v e  a l u m i n a  a n d  i t  i s  f i t t e d  w i t h  a  h y g r o m e t e r  t o  
m e a s u r e  t h e  p e r c e n t a g e  h u m i d i t y *  S a m p l e s  a r e  i n s e r t e d  a n d  
r e m o v e d  t h r o u g h  a n  a i r  l o c k  a n d  a  s m a l l  e l e c t r i c  h o t  p l a t s  
p r o v i d e s  t h e  h e a t i n g  r e q u i r e d  f o r  a c m e  r e a c t i o n s »  T h e  
p e r c e n t a g e  h u m i d i t y  a s  m e a s u r e d  o n  t h e  g a u g e  w a s  m a i n t a i n e d  
b e l o w  1 0 $  t h r o u g h o u t  t h e  o p e r a t i o n s *  T o  r e d u c e  t h e  
h u m i d i t y  t o  t h i s  l e v e l  t o o k  s i x  d a y s ,  t h e  a l u m i n a ,  a c t i v a t e d  
a t  2 0 0 ° 0 ,  b e i n g  r e p l a c e d  t w i c e  d a i l y .  J u s t  b e f o r s  t h s  
d r y  b o x  w a s  u s e d  a  d i s h  o f  p h o s p h o r u s  p s n t o x i d s  w a s  I n s s r t e d  
t o  a s s i s t  t h s  r e m o v a l  o f  I t  a t  t r a c e s  o f  m o i s t u r e .
T h e  d e u t e r i u m  o x i d e  w a s  a  v e r y  p u r e  s a m p l e  
o b t a i n e d  f r o m  H o r w a y ,  p u r i t y  > 9 9 * 9 $ #  » a d  w a s  s e a l e d  i n t o  
1 m l  a m p o u l e s  f r o m  w h i c h  i t  w a s  r e m o v e d  a s  r e q u i r e d  b y  a  
h y p o d e r m i c  s y r i n g e .  T h e  d e u t e r o  d e r i v a t i v e s ,  P d i N D ^ J ^ C l g  
a n d  [ C o ( R D .  J c i w e r e  p r e p a r e d  f r o m  t h e  a m m o n ia  c o m p l e x e s  
b y  h e a t i n g  t h e  o o m p o u n d s  w i t h  s u o o e s s i v e  s m a l l  a m o u n t s  o f  
d e u t e r i u m  o x i d e ,  r e m o v i n g  t h e  e x c e s s  d e u t e r i u m  o x i d e  b y  
g e n t l e  h e a t .  I f  t o o  l a r g e  a n  e x c e s s  o f  d e u t e r i u m  o x i d e  
w a s  u s e d  so m e  d e c o m p o s i t i o n  o f  t h s  a m m in s  t o o k  p l a c e .
D u r i n g  t h e  r e a c t i o n  t h e  p a l l a d i u m  d l c h l o r o d l a z a m i n e  c h a n g e d  
i n  a p p e a r a n c e  f r o m  a  y e l l o w  p o w d e r  t o  r e d d i s h  b r o w n  
c r y s t a l s ;  t h i s  p r o d u c t  h a d  t h s  s a m e  a n a l y s i s  a s  t h e  
o r i g i n a l  c o m p o u n d  a n d  i t  w a s  s h o w n  t h a t  w a t e r  p r o d u o e d  a  
s i m i l a r  e f f e c t .  ( I t  i s  p r o b a b l e  t h a t  t h e  c h a n g e  w h i c h
t o o k  p l a o e  w a s  t o  t h e  s e c o n d  c r y s t a l l i n e  f o r m  o f  p a l l a d i u m  
d l o h l o r o d i a m m i n e  r e p o r t e d  b y  M a n n ,  C r o w f o o t ,  G r a t t i k e r  a n d  
W o o s t e r ^ ^ .  S p e c t r o s c o p i c a l l y  t h e  s p e o t r u m  o f  t h e  c o m p o u n d  
h e a t e d  w i t h  w a t e r  w e b  s i m i l a r  t o  t h a t  f r o m  t h e  o r i g i n a l  
c o m p o u n d ,  b u t  t h e  f r e q u e n c i e s  o f  t h e  a b s o r p t i o n  p e a k s  w e r e  
s l i g h t l y  c h a n g e d .  F o r  t h i s  r e a s o n  t h e  f r e q u e n c i e s  u s e d  
f o r  t h e  s i m p l e  a m m in e  i n  c o m p a r i n g  t h e  f r e q u e n c y  r a t i o s  w i t h  
t h e  d e u t e r o a m m i n e s  w e r e  b a s e d  o n  a  s a m p l e  w h i c h  h a d  b e e n  
s i m i l a r l y  h e a t  t r e a t e d  w i t h  w a t e r .  T h e  o o b a l t l o  h e x & m m in e  
c h l o r i d e  a f t e r  t r e a t i n g  w i t h  w a t e r  i n  t h e  s a m e  w a y  s h o w e d  n o  
d e t e c t a b l e  r i s i b l e  o r  s p e c t r o s c o p i c  d i f f e r e n c e .  T h e  com *  
p o u n d  o h l o r o p e n t a m m i n e  c o b a l t  o h l o r i d e  w a s  a l s o  c o n v e r t e d  
t o  a  d e u t e r i u m  a n a l o g u e  i n  t h e  s a m e  w a y  s o  a s  t o  e x a m i n e  
t h e  e f f e c t  o f  d e u t e r a t l o n  u n  t h e  v e r y  w e a k  a b s o r p t i o n  p e a k  
a t  4 9 3  o a T 1 T h e  c o m p o u n d  w a s  m o r e  d i f f i c u l t  t o  p r e p a r e  
t h a n  t h e  d o u t e r o h e x a m m i n e  a s  i t  i e  f a i r l y  r e a d i l y  d e c o m p o s e d  
o n  b o i l i n g  w i t h  w a t e r ,  b u t  i t  w a s  p o s s i b l e  t o  o b t a i n  i t  
f a i r l y  p u r e  a n d  t o  s h o w  t h a t  t h e  a b s o r p t i o n  p e a k  c o n c e r n e d  
w a s  o n l y  a l t e r e d  i n  f r e q u e n c y  b y  6 c m .
A t t e m p t s  w e r e  m a d e  t o  I s o l a t e  t h e  d e u t e r o a m m l n e s  
o f  c o p p e r  e n d  s i l v e r  i n  t h e  s a m e  w a y ,  b u t  r e m o v a l  o f  t h e  
e x c e s s  d e u t e r i u m  o x i d e  l e d  t o  h y d r o l y s i s  o f  t h s  a m m i n s .
I t  w a s  h o w e v e r  p o s s i b l e  t o  r e m o v e  s o m e  o f  t h e  e x o e a e  
d e u t e r i u m  o x i d e  o v e r  a c t i v e  a l u m i n a  o r  q u i c k l i m e  a n d  t o
a c h i e v e  a l m o s t  c o m p le te  d e u t e r a t i o n  b y  r e p e a t i n g  t h e  
p r o c e d u r e *  T h e  s p e c t r a  w e r e  t h e n  e x a m i n e d  i n  t h e  c o n o e n *  
t r & t e d  d e u t e r i u m  o x i d e  s o l u t i o n  b y  p r e s s i n g  a  t h i n  f i l m  
b e t w e e n  s i l v e r  o h l o r i d e  p l a t e s *  T h e  c o r r e s p o n d i n g  s p e c t r a  
w e r e  o b t a i n e d  o f  t h e  s i m p l e  a m m in e s  i n  a q u e o u s  s o l u t i o n  a n d  
i t  w a e  p o s s i b l e  t o  s h o w  t h e  f r e q u e n c y  s h i f t  o f  t h e  p e a k  n e a r  
1 2 0 0  emT^ ( $  • 1** o t h e r  p a r t e  o f  t h e  s p e c t r u m  t h e
a b s o r p t i o n  d u e  t o  t h e  w a t e r  o r  d e u t e r i u m  o x i d e  p r e v e n t e d  
d e t e c t i o n  o f  t h e  a b s o r p t i o n  b a n d s *
SPKCX RQSCQPIO ASSIGNMEHjC v ’* AMMIN8 FREQUENCIES.
V r e g u e n o i e e  d u e  t o  t h e  NH v i b r a t i o n .
I t  i s  i m p o r t a n t  f i r s t  o f  a l l  t o  c o n s i d e r  t h e  
p o s s i b l e  v i b r a t i o n »  a s s o c i a t e d  w i t h  a  c o o r d i n a t e d  a L j a o n i a  
g r o u p  a n d  t o  o b t a i n  s o m e  i d e a  a s  t o  t h e  v a l u e s  o f  t h e  f r e ­
q u e n c i e s  a s s o c i a t e d  w i t h  e a c h  v i b r a t i o n *  T h i s  c a n  b e  d o n e  
b y  o o m p a r i s o n  w i t h  m o l e c u l e s  o f  s i m i l a r  s y m m e t r y  w h o s e  
f r e q u e n c y  a s s i g n m e n t  i s  w e l l  e s t a b l i s h e d *  I n  e  m e t a l  
a m m in e  t h e  m a s s e s  o f  t h e  a t o m s  c o n c e r n e d  s h o w  a  c o n s i d e r ­
a b l e  d i f f e r e n c e ;  t h u s ,  f o r  t h e  p l a t i n u m  a m m i n e s  we h a v e  
t h e  m a s s e s  a s  f o l l o w s
H 1
P t  —  N —  H 1
1 9 5  1 4  H 1
E v e n  w h e r e  a  l i g h t e r  m e t a l  s u c h  a s  c o b a l t  i s
c o n c e r n e d  t h e  m a s s  o f  t h e  m e t a l  i s  f o u r  t i m e s  t h a t  o f  t h s
n i t r o g e n *  I t  f o l l o w s  f r o m  t h i s  t h a t  a s  a  f i r s t  a p p r o x i ­
m a t i o n  t h e  m e t a l - n i t r o g e n  v i b r a t i o n s  a n d  t h e  n l t r o g s n -  
- h y d r o g e n  v i b r a t i o n s  o a n  b e  c o n s i d e r e d  i n d e p e n d e n t l y *  T h e  
v i b r a t i o n s  o f  t h e  n i t r o g e n - h y d r o g e n  b o n d s  w h i c h  a r e  b e i n g  
o o n e i d e r e d  i n  t h i s  s e c t i o n  o a n  b e  r e p r e s e n t e d  a s  f o l l o w s
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O f t h e s e  v i b r a t i o n s  t h e  o n l y  o n e  w h i c h  w i l l  n o t  b e  p r e s e n t  
i n  a m m o n ia  i t s e l f , e x c e p t  a s  a  r o t a t i o n a l  f r e q u e n c y ,  i s  
t h e  £  j ^ Cil m o d e .
S e v e r a l  p r e v i o u s  w o r k e r s  h a v e  r e c o r d e d  » s u i t s  
f o r  m e t a l  a m m i n e s  b u t  h a v e  d i f f e r e d  i n  t h e i r  a s s i g n m e n t  o f  
t h e i r  f r e q u e n c i e s #  D u v a l ,  D u v a l  a n d  L e c o m p t e * *  s t u d i e d  
t h e  i n f r a r e d  s p e c t r a  o f  a  n u m b e r  o f  o o b a l t  e n d  c h r o m i u m  
a m m i n e s  a n d  r e p o r t e d  t h a t  a l l  t h e s e  c o m p o u n d s  s h o w e d  t h r e e  
m a i n  a b s o r p t i o n  b a n d s  i n  t h e  r e g i o n s  1 3 0 0 ,  1 2 0 0  a n d  8 0 0  emT 
a n d  i n  t h e  p r e s e n t  w o r k  t h e s e  b e n d s  h a v e  b e e n  f o u n d  f o r  
a l l  t h e  m u c h  w i d e r  r a n g e  o f  a m m l n e s  e x a m i n e d #  i h e s e
a u t h o r s  c o n s i d e r e d  t h a t  t h e  f i r s t  t w o  o f  t h e s s  h a n d s  
r e p r e s e n t  t h e  f r e q u e n c i e s  o f  t h e  i n t e r n a l  a s y m m e t r i c a l  
e n d  s y m m e t r i c a l  a n g l e  b e n d i n g  v i b r a t i o n s  o f  t h e  a m m o n ia
g r o u p  a s  m o d i f i e d  b y  c o o r d i n a t i o n  w i t h  t h e  m e t a l  i o n
S a s y m  ~  s y m
a n d  O g g  r e s p e c t i v e l y ) .  i h e  c o r r e s p o n d i n g
a b s o r p t i o n  b a n d s  o f  a m m o n ia  i t s e l f  o c c u r  n e a r  1 6 2 8  c m ? 1 a n d
9 3 0  c m ? 1 r e s p e c t i v e l y  a n d  a t  1 6 4 6  c m ? 1 a n d  1 0 6 0  o m ? 1 i n  t h e
4 5c r y s t a l l i n e  s o l i d  s t a t e  • T h e  a s s i g n m e n t  o f  t h e s e  b a n d s
i s  a g r e e d  b y  m o s t  s u b s e q u e n t  a u t h o r s ,  t h o u g h  H i l l  a n d
1 2  - 1  
R o s e n b e r g  h a v e  s u g g e s t e d  t h a t  t h e  b a n d s  a t  1 2 0 0 * 1 3 0 0  om#
a r e  d u e  t o  t h e  m e t a l - n i t r o g e n  s t r e t c h i n g  v i b r a t i o n s  ( V  M -R )
t
b e c a u s e  o f  t h e  s e n s i t i v i t y  o f  t h e  f r e q u e n c y  t o  t h e  v a r i ­
a t i o n  o f  t h e  m e t a l  i o n  i n  t h e  c o m p l e x #
t h e  l o w e r  f r e q u e n c y  v i b r a t i o n ,  w h i c h  o c c u r s  n e a r  
8 0 0  o m ? 1 ,  h a s  b e e n  e i t h e r  a s s i g n e d  t o  t h e  r o c k i n g  d e f o z o n ­
a t i o n  o f  t h e  a m m o n i a  g r o u p ,  o r  a l t e r n a t i v e l y  t o  t h e  m e t a l -  
n i t r o g e n  s t r e t c h i n g  f r e q u e n c y #  D u r i n g  t h e  c o u r s e  o f  t h i s  
w o r k  p a p e r s  w e r e  p u b l i s h e d  s u p p o r t i n g  t h e  l a t t e r  v i e w #  
K o b a y a s h i  a n d  F u j i t a * ^  e x a m i n e d  t h e  n i c k e l ,  o o b & l t i o  a n d
^  4
c h r o m i c  h c x a m m i n e s  a n d  s u g g e s t e d  t h a t  t h e  b a n d  n e a r  8 0 0  om?
w a s  d u e  t o  t h e  V  M-N v i b r a t i o n  a n d ,  o n  t h e  o t h e r  h a m d ,
4 7M i s u s h i m a ,  N& kag& wa a n d  Q u a g l i a n o  s u g g e s t e d ,  o n  t h e  b a s i s  
o f  s o m e  p r e l i m i n a r y  d e u t e r a t i o n  e x p e r i m e n t s  w i t h
Ico(kh3)6 ]c i3 S
r o o k
TABL E I .
T h e  I n f r a r e d  a n d  R am an  F r e q u e n c i e s  o f _ s ome A m m in es  a n d  
D e u t e r o a m m in e s  a n d  t h e i r  A s s i g n m e n t  t o  F u n d a m e n t a l  
M o d e s  o f  V i b r a t i o n  o f  t h e  C o m d e x e s .
TABLE I
The in fra re d  and Raman frequ en cies  of some ammines and deuteroamminee and t h e i r  assignment to
fundam ental modes of v ib ra t io n  of the complexes.
Formula Method Observed in fra re d  frequencies Ramanfrequencies
[c o (h h3 ) 6 ] o i 3 KBr, H 3230
3170
(3130)
1615(bd) (1352)
1329
(862)
830
501 575
483
[ co ( nd3 ) 6 ]c i 3 KBr N . I . 1155 
1088a
1016 665 N . I . N . I .
[ c o (hh3 ) 5c i Jc i 2 N (3220)
3140
1575(bd) 1305
(1272)
845 493 575
[C o(HD3 ) 5C 1 ]c i2 N N . I . N . I . N . I , N . I . 487 N . I .
[ co ( hh3 )6 ]c i 2 N 3340
(3180)
I60 0 (b d ) 1165 670 N . I . N . I .
[Rh(HH3 ) 5G l]C 12 N N . I . ,1565(bd) 1308
(1277)
646 (483
(473
500s 
475 , 270
[pd(HH3 ) 4 ]C l2 .H20 N (3520) 
3250 
3150
1595(bd) ( 1300)
1283
842800 498
N . I .
tra n s -[P d (N H :j) „ ] b N 3320
3230
3170
1605 1246 752 496 N . I .
tra n s -[P d (N H 3 ) 2C l2 ]Q KBr N . I . 1615 1266 753 N . I . N . I .
t ra n s -[p d (H D ,) , ,C l.J c KBr N . I . 1165 
1068a
978 580 493 N . I .
[p t(rm 3 ) 4 ] c i 2 N (3520)®
3240
3150
1587(bd) (1340).
1326
892
941
511(bd) 538(p) . 
526(d c ) 
270(d,p)
tra n s -[P t(H H ^ )„01 „] N 3270
3170
1638
1538
(1305)1288
828 507 N . I .
[Cu(NH3 ) 4 ]S04 .H20d
i N
! h 2o
3320
(3250)
3170
N . I .
( 1669) B 
163?
h2o
1284
1280
(783)
723(bd)
h2o h 2c
410
I
N . I .
Cc u ( nd3 ) 4 Jso4 . d2o d 2° N . I .  | D.O 982 d2o N . I . N . I .
i
[Ag(NH3 ) 2 ] 2S04d
( N/
( H20
3290 j 1640
3230 ' 1600 
3140
N . I .  j H20
1190
1220
741
h 2o Ho0
N . I .
i
N . I . 1
[Ag(ND3 ) 2 ] 2S04d d 20 | N . I .  | D20 950 d 2o N . I . N . I .  |
| [g u (h h3 ) 4 ]c i 2 ii ; n . i . j n . i . 
1 ’
N . I . 7 l8 (b d ) near 
4C0 7
419 ;1
| Hg(NH3 ) 2 C l2 N N . I .  | 1598 1273 718 665 ? 6 6 qT
| [Zn(NH3 ) 4 ]C l2 N N . I . 1600 (1261) 
124 3
716 - N . I .
V ib ra t io n a l assignmen ts v
(N H ^
asym
b ( nh3 )
aym
b (NH3)
■ rock
° ( n h3 )
y  m—-n -
N . I . ,  not in v e s tig a te d  in  th is  reg io n .
N, N u jo l m u ll.
K 3r, potassium bromide d is c .
H^O or D^O, sp ec tra  determ ined in  s o lu tio n  
in  these so lv e n ts .
(b d ), broad band.
( p ) ,  p o la r is e d  l in e .
(d p ), d ep o larised  l in o ,  
a , p o ss ib ly  due to  ND2H groups.
b, ye llo w  powder.
c, red c ry s ta ls  (see note to  Table IV ) .
d, these sp ectra  showed e x tra  bands in
the v ic in i t y  of 1100 and 600 cm” 1 , 
2 _
due to  SO. io n s .4
e, ab sorp tion  in  th is  reg io n  may be p a rt
l y  due to  w a te r of c r y s t a l l is a t io n
f ,  fo r  tetram m ine.
g, f o r  hexammine.
r i b r a t i o n .  ¿ h e » *  a u t h o r s  w e r e  n o t ,  h o w e v e r ,  a b l e  t o
d e t e c t  t h e  c o r r e s p o n d i n g  b a n d  i n  t h e  d e u t e r o  d e r i v a t i v e ,
a s  t h e  f r e q u e n c y  w a s  a p p a r e n t l y  b e l o w  t h e  r a n g e  o f  t h e  r o o k
e a l t  p r i s m  u s e d .  S e v e r a l  o t h e r  a u t h o r s  h a v #  p u b l i s h e d  t h e
r e s u l t s  o f  i n f r a r e d  s p e o t r o s o o p i o  e x a m i n a t i o n  o f  m e t a l
a m m i n e s  b u t  h a v e  m a d e  l i t t l e  a t t e m p t  t o  a s s i g n  t h e
a b s o r p t i o n  b a n d s  o b t a i n e d :  t h s s s  i n c l u d e  p a p e r s  b y  M e r r i t t
48
a n d  W i b s r l e y  o n  a  n u m b e r  o f  o i e  a n d  t r a n s  l e o m e r s  o f  
o o b a l t l c  a m m i n e s ,  a n d  b y  F a u s t  a n d  Q u a g l l a n o * ^  o n  o l s  a n d  
t r a n s  [ C o i f l H ^ ^ i N O ^ g j c l *  A l m o s t  s i m u l t a n e o u s l y  w i t h  t h e
p u b l i c a t i o n  o f  t h e  r e s u l t s  o f  t h i s  p r e s e n t  w o r k  B a r r o w
5 0
a n d  B a s a l o  p u b l i s h e d  a n  a o o o u n t  o f  w o r k  r e a c h i n g  s i m i l a r  
o o n o l u s i o n s  i n  r e s p e o t  t o  t h e  a s s i g n m e n t  o f  t h e  n i t r o g e n « »  
h y d r o g e n  f r e q u e n c i e s  b u t  w h i c h  d i f f e r e d  i n  t h e  a s s i g n m e n t  
o f  t h e  m e t a l « n l t r o g e n  s t r e t c h i n g  f r e q u e n c i e s  d e s c r i b e d  I n  
t h e  n e x t  o h a p t e r .
T h e  r e s u l t s  o b t a i n e d  i n  t h e  c o u r s e  o f  t h e  w o r k  
f o r  t h e  s p e c t r a  o f  a  n u m b e r  o f  a m m i n e s  a r s  s h o w n  i n  T a b l e  
I ,  a n d  a r e  i l l u s t r a t e d  o n  p a g e s  8 0  t o  8 8  a t  t h e  e n d  o f  
t h i s  c h a p t e r «  T h e  R am an  f r e q u e n c i e s  s h o w n  i n  t h e  l a s t  
c o l u m n  o f  T a b l e  I  h a v e  b e e n  t a k e n  f r o m  r e f e r e n c e s  5 1 ,  5 2  
a n d  53«  I t  i s  s e e n  t h a t  f o r  t h e  m u o h  w i d e r  r a n g e  o f  
a m m i n e s  n o w  e x a m i n e d  t h e r e  a r e  a l w a y s  t h r e e  m a i n  b a n d s  i n  
t h e  s p e c t r u m  b e t w e e n  1 6 5 0  a n d  6 5 0  o m l 1 ,  a  g r o u p  o f  b a n d s
TAB LE  I I
«■MMMMMMNMMMaaMMMBMMfr
■ y . Jp’**, AV i  -ß\ \ ^  - | ' ■ .$% £ ’;
g p n g & r l a o n  o f  f w n d a a « n t a l  f r a q u m o l « »  f o r  a a t b y l  
h a l i d « »  a n d  [O o C H H .) ^ ] C 1 .
■ ■ ■ ■ • '  . • 'î M îïJ î'• i l  ■ ' . ■■ • ' , ■  ; :
ì*i<ii»r,wA uavfc
G o m m i r i ^ o a  o f  f u n d a m e n t a l  f r e a u a n ' o l o o  f o r  m e t h y l
h a l i d e s  m id  1,0o ( B H ^ . ¿ 0 1  »¿'lefartv-,. +trerif£#rii
A -;»f t ^ *'£- r:s Km. . rr *<' i -• itTJH«kt34 V'
V i b r a t i o n  t y p e O H ^B r
rfííV t".î*
., J o f i j t  •: ;. i  ■
■f>J\r.r-‘.f i *■„ w,> ?í »r.«ftí r> ? y,
í; ( m i 3 ) 6 o o ] o i 3
■y. a a y m  •
OH 3 0 5 6  ' ‘ . 3 0 6 0  • '•’ i';' " 3 2 3 0  :
. a p i . -  
Oil 1-2972■:. ;■ a v i o  , i :  a^ 3 í 7 o ;: ; • :
o
0 n 1 4 4 5 ■ '1 4 4 0 , • •■-. 161  í5 :.
g  ; sym- 
GH 1 3 0 5 1 2 5 1 1 3 2 9
r  r o o k
; 8  o h . . . 9 5 2 8 8 0 8 3 0  •
■ 3T:«-0 ’ 6 1 1  ;■
i'fjjv**« V’ v/-;i ^
t ; %, r tff (.y .. ••;•• .vi?-., . ■’.,
VxA-yr-twiyt-t« *> ■»?*■> *¿i r¿&t+ t'*x*t*v4fíSs. <*e*rt
ilîhe o r i g i n  o f  . t î i e  • vvèofc b e a d  B e a r  
: i »  d i s c u s s e d  i n  t h e  n e x t  b h a p t e r .
c  m . >1 :
n e a r  3 3 0 0  o m T 1 ,  a n d ,  I n  a  n u m b e r  o f  o a s e s ,  a  v e r y  w e a k  b a n d  
n e a r  $ 0 0  o m T 1 ,  t h e  o r i g i n  o f  w h i e h  w i l l  b e  d i s c u e e e d  i n  t h e  
n e x t  c h a p t e r .
T h e  f i r s t  s t e p  i n  a s s i g n i n g  t h e  f r e q u e n c i e s  t o  
p a r t i c u l a r  v i b r a t i o n s  i s  t o  c o m p e r e  t h e s e  r e s u l t s  f o r  t h e  
a m m i n e s  w i t h  t h e  f r e q u e n c i e s  o b t a i n e d  f o r  a  s i m p l e  m o l e c u l e  
o f  k n o w n  a s s i g n m e n t  w h i c h  h a s  s i m i l a r  s y m m e t r y  t o  t h e s e  
c o m p o u n d s ,  A t y p i c a l  e x a m p l e  i s  t h e  m e t h y l  h a l i d e s ,  w h e r e  
t h e  h e a v y  h a l o g e n  a t o m  a c t s  i n  a  s i m i l a r  w a y  t o  t h e  m e t a l  
a t o m  i n  a n  a m t n i n e ,  a s  s h o w n  i n  t h e  s k e t c h  b e l o w ,  t h e  d i s ­
p o s i t i o n  o f  b o n d s  r o u n d  t h e  n i t r o g e n  o r  c a r b o n  a t o m s  b e i n g
a p p r o x i m a t e l y  t e t r a h e d r a l  i n  e a c h  c a s e
%
H I  H 1
B r    0  —  H 1 M -------  H   H 1
8 0  1 2  > S , H 1 5 5 - 1 9 5  H  H 1
o r  I 1 2 ?
T h e  f r e q u e n c i e s  f o u n d  f o r  t h e  m e t h y l  h a l i d e s  a n d  t h e i r
54
a s s i g n m e n t s  h a v e  b e e n  t a k e n  f r o m  t h e  b o o k  b y  H e r z b e r g  a n d  
a r e  g i v e n  i n  T a b l e  I I  a n d  a l o n g s i d e  a r e  t h e  c o r r e s p o n d i n g  
f r e q u e n c i e s  f o r  [ O o ( N H ^ ) ^ ] C 1 ^ ,
T h e s e  r e s u l t s  m a k e  i t  c l e a r  t h a t  t h e  b a n d s  n e a r  
3 2 0 0  cm T 1 a r e  d u e  t o  H -H  s t r e t c h i n g  v i b r a t i o n s ,  V  N - H .
T h i s  w o u l d  b e  e x p e c t e d  a s  t h e  s t r e t c h i n g  f o r c e  c o n s t a n t s
o f  b o n d s  a r e  a l w a y s  m u c h  l a r g e r  t h a n  b e n d i n g  f o r e s  c o n s t a n t e «  
a n d  t h e  r e s u l t i n g  v i b r a t i o n a l  f r e q u e n c i e s  a r e  c o r r e s p o n d i n g l y  
g r e a t e r  ( s e e  L l n n e t t ^ ) »  B a n d s  d u e  t o  s t r e t o h i n g
v i b r a t i o n s  h a v e  n o t  b e e n  f u r t h e r  e x a m i n e d «  a s  t h e y  a r e  com *
p l e x  i n  s t r u c t u r e  a n d  g e n e r a l l y  i n c o m p l e t e l y  r e s o l v e d .
E x a m in a t i o n  o f  l ' a b l e  I I  c l e a r l y  i n d i c a t e s  t h a t
- 1  . 1
b a n d s  n e a r  1 6 0 0  c m .  a n d  1 3 0 0  c m .  a r e  r e l a t e d  t o  t h e
S a s y m  ~  s y m
H H , 81111 N H , r e s p e c t i v e l y  a n d  t h e  l o w e r  
« _  r o c k
f r e q u e n c y  b a n d  a t  8 0 0  emT i s  p r o b a b l y  d u e  t o  t h e  o  m
v i b r a t i o n .  I t  i s  c e r t a i n l y  u n l i k e l y  t o  b e  t h e  s k e l e t a l
v i b r a t i o n  a e t a l - N  a ® c o r r e s p o n d i n g  f r e q u e n c i e s  f o r
t h e  m e t h y l  b r o m i d e  a n d  i o d i d e  a r e  a t  6 1 1  a n d  5 3 3  om T 1  a n d
i t  w o u l d  b e  s u r p r i s i n g  i f  t h e  f o r c e  c o n s t a n t  o f  t h e  b o n d
w e r e  s u f f i c i e n t l y  h i g h  t o  r a i s e  t h e  c o r r e s p o n d i n g  f r e q u e n c y
t o  8 3 0  a s  f o u n d  f o r  [ C o ( H H 3 ) 6 3c i 3 .
X h e  q u e s t i o n  c a n  a t  o n c e  b e  s e t t l e d  b y  c o m p a r i s o n  
o f  t h e  f r e q u e n c i e s  o b s e r v e d  w i t h  t h o ^ e  o f  t h e  c o r r e s p o n d i n g  
d e u t e r o a m m i n e s .  I t  c a n  b e  a s s u m e d  t h a t  t h e  r e p l a c e m e n t  o f  
h y d r o g e n  b y  d e u t e r i u m  d o e s  n o t  a l t e r  t h e  f o r o e  c o n s t a n t  o f  
t h s  b o n d  a n d  t h s  f o l l o w i n g  v e r y  a p p r o x i m a t e  r e l a t i o n s h i p  
c a n  b e  a p p l i e d
V . C
w h e r e  J /  *  f r e q u e n c y «  0  a n d  k  a r e  c o n s t a n t s «  s  *  m a s s
• h^N¡W-^ «ÍF»'--«h»- ' ■ *>V’» ■
IABLE I I I .
p a r i » o n  o f  t h >  g a i n  I n x r a r e d  A b s o r p t i o n  B a n d s  o f  
•sm a m i n é s  a n d  d e u t e r o a u a i n e e .
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3
[ 0 o ( L 0 ) . J , - ] 0 1
3 'G  3
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INFRARED SPECTRA OF METAL AMMINES 
AND DEUÏEROAMMINES.
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I N F R A R E D  S P E C T R A  O F  M E T A L  A M M I N E S  A N D
D E U T E R O A M M I N E S
[ C o t N H j î ^ C l s
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   A m m i n e »
D e u t e r o a m m i n e s
o f  t h e  v i b r a t i n g  a t o m  ( t h e  m a s s  o f  t h e  h e a v i e r  a t o m  b e i n g  
n e g l e c t e d ) .
T h u s  i t  f o l l o w s
T h e  v i b r a t i o n  o f  t h e  n i t r o g e n  a t o m  h a s  b e e n  n e g l e c t e d  i n  
t h i s  s i m p l i f i e d  t r e a t m e n t «  a n d  i n  p r a c t i c e  t h e  r a t i o  n e v e r  
a c t u a l l y  r e a c h e s  t h s  v a l u s  o f
T h e  s f f e o t  o f  r e p l a c i n g  h y d r o g e n  b y  d e u t e r i u m  o n  
t h e  y  M-N f r e q u e n c y  w i l l  h e  v e r y  s m a l l  e n d  s o  t h e  o o m p a r i s o n  
o f  t h e  s p e c t r a  o f  a m m i n e s  e n d  d e u t e r o a m m i n e s  s h o u l d  c l e a r l y  
d i s t i n g u i s h  n i t r o g e n - h y d r o g e n  v i b r a t i o n s  f r o m  m e t a l - n i t r o g e n  
v i b r a t i o n s *  W i t h  t h i s  i n  v i e w  s e v e r a l  o f  t h e  a m m i n e s  
w e r e  c o n v e r t e d  t o  t h e  c o r r e s p o n d i n g  d s u t s r o a m m i n s s  a n d  t h s  
m a i n  a b s o r p t i o n  b a n d s  f o u n d  f o r  t h s s s  c o m p o u n d s  a r e  
c o l l e c t e d  i n  T a b l e  I I I «  a n d  t h e  f r e q u e n c y  s h i f t s  o n  
d s u t e r a t l o n  o f  t h e  a m m i n e s  c a n  b s  c o m p e r e d .
? l g #  8  g i v e s  a  d i a g r a m  o f  t h e  s p e c t r a  o b t a i n e d  
f o r  [ C o (NH3 ) 6 ] C 1 3 a n d  [ P d ( K H , ) 2C l 2 J ,  a n d  i t  o a n  b e  s e e n  
t h a t  t h s  i d e n t i f i c a t i o n  o f  t h e  c o r r e s p o n d i n g  b a n d s  i n  t h s  
a m m i n e s  a n d  d s u t e r o a a t m i n e s  i s  s i m p l i f i e d  b y  t h s  s i m i l a r i t y  
i n  s h a p e  o f  t h e  e q u i v a l e n t  b a n d s .  T h e r e  i s  a n  i n d i c a t i o n «  
p a r t i c u l a r l y  i n  t h s  s p e c t r u m  o f  [ P d i H D ^ ^ C l ^ ] ,  o f  s l i g h t l y  
i n c o m p l e t e  d s u t e r a t l o n .  I t  i s  t h o u g h t  t h a t  t h s  b a n d  a t
a b o u t  1 0 6 0  o h u 1 i n  t h i s  s p e c t r u m «  w h i c h  h a s  n o  c o u n t e r p a r t
v H n r,m,mm m
V  D J 2
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lA B L B  1 7 .
y  h
ï h e  R a t i o »  /  f o r  t h e  a n a l o g  o u »  B a n d e  i n  t h e
i3J
S p e c t r a  o f  t h e  À m m in e s  a n d  D e u t e r o & m m i n e s  a n d  o f
wwi, iBi—nn i , M w w iw  T»nrii -Ti [ r n —triy - ri wt—- i ■■ ■ i  i -rr ■ — — i I u  m  \ iw M i iw » w » w in i i  i»
, S:- •
M et h y l  B r o m i d e  a n d  D e u t  e r o - n e t  h y l  B ro m i d e #mmmmmm*** i i a*»ww<w—o«w< m h,i— -.»■ -— . i >nnwi»«»wwminn i—  » n , >-JtaWH——— !!»»«-■—
1
i n  t h e  s p e c t r u m  o f  [ P d ( K H ^ ) 2C l 2 ] ,  i e  d u e  t o  t h i s  o a u t e ,  
r e s u l t i n g  f r o m  t h e  v i b r a t i o n  o f  t h e  -H D ^H  g r o u p «
C a m p a r i  s o n  o f  t h e  s p e c t r a  o f  a m m in e s  a n d  d e u t e r o -  
a m m in e s  s h o w s  t h a t  t h e  t h r e e  a b s o r p t i o n  b a n d s  w h i c h  l i e  i n  
t h e  r e g i o n  f r o m  1 6 5 0 - 6 5 0  o s u ^  i n  t h e  c a s e  o f  t h e  a m m in e s  
a r e  a l l  s h i f t e d  t o  m u c h  l o w e r  f r e q u e n c i e s  i n  t h e  s p e c t r a  
o f  t h e  d e u t e r o a m m i n e s «  T h i s  s h o w s  t h a t  a l l  t h e  b a n d s  a r e
d u e  t o  n i t r o g a n - h y d r o g e n  v i b r a t i o n s  a n d  s o  t h e  b a n d  n e a r
•  1 r r o c ic
8 0 0  cm ? m u s t  b e  t h e  m o d e «  I t  i s  i n t e r e s t i n g  t o
c o m p a r e  q u a n t i t a t i v e l y  t h e  r a t i o  o f  t h e  f r e q u e n c i e s
o b s e r v e d  f o r  t h e  a m m i n e s  a n d  d e u t e r o a m m i n e s  w i t h  t h o s s  o f
t h e  c o r r e s p o n d i n g  m e t h y l  h a l i d e s  h a v i n g  s i m i l a r  s y m m e t r y
c h a r a c t e r i s t i c s »  i n  f a b l e  I V  so m e  f i g u r e s  a r e  g i v e n  f o r
t h e s e  r a t i o s «
I t  i s  o b s e r v e d  t h a t  t h e r e  i s  a  m a r k e d  s i m i l a r i t y
i n  t h e  r a t i o s  f o r  t h e  a m m i n e s  a n d  t h o s e  f o r  m e t h y l  b r o m i d e
f o r  a n a l o g o u s  v i b r a t i o n s «  I n  p a r t i c u l a r  t h e  r a t i o  f o r  
a s y m
t h e  o m  ^  n n  v i b r a t i o n  h a s  t h s  v a l u e s  c l o s e s t  t o  t h e  K i i j  o r  v h j
t h e o r e t i c a l  m ax im u m  o f  1 * 4 1 4 *  T h e  f i g u r e s  f o r  t h e
v i b r a t i o n  f r e q u e n c i e s  o f  C H ^ B r  a n d  C D ^ B r  h a v e  b e e n  t a k e n
5 6f r o m  H e r s b e r g  «
I n  t h e  c a s e  o f  [ a « ( H H 3 ) 2 ] S 0 4 e n d  [C u (K H 3 ) 4 J S C ^ .H g O  
t h e  d e u t e r o  d e r i v a t i v e s  c o u l d  n o t  b e  i s o l a t e d  f r o m  t h e  
s o l u t i o n s  i n  d e u t e r i u m  o x i d e  a n d  t h e i r  s p e c t r a  w e r e
d e t e r m i n e d  i n  t h i e  s o l v e n t «  T h e  s t r o n g  a b s o r p t i o n  o f
t h e  d e u t e r i u m  o x i d e  p r e v e n t e d  a n y  a b s o r p t i o n  b e n d s  o f  t h e
sy m
c o m p o u n d  b e i n g  d e t e c t e d  e x c e p t  t h e  0 ^  v i b r a t i o n «  T h e
f r e q u e n o y  s h i f t  o f  t h i s  v i b r a t i o n  f r o m  t h e  a m m in e s  t o  t h e
d e u t e r o a m m i n e a  o f  t h e s e  c o m p o u n d s  w a s  s i m i l a r  t o  t h a t  f o u n d
f o r  [ C o (KH3 ) 6 ] C 1 2 a n d
I t  i s  o b s e r v e d  t h a t  t h e r e  i s  a  w e a k  a b s o r p t i o n
b a n d  i n  t h e  s p e c t r u m  o f  i P d C H H ^ J ^ C l ^ ]  n e a r  5 0 0  c m T 1 T h i s
b a n d  o o u i d  o n l y  b e  d e t e c t e d  i n  v e r y  c o n c e n t r a t e d  N u j o l
m u l l s  a n d  i t s  o r i g i n  w i l l  b e  d i s c u s s e d  i n  t h e  n e x t  c h a p t e r .
I t  i s ,  h o w e v e r »  n o t e d  a t  t h i s  p o i n t  t h a t  i t s  f r e q u e n o y  o n l y
c h a n g e s  v e r y  s l i g h t l y  o n  d e u t e r a t i o n  a n d  s o  i t  c a n n o t  b s
d u e  t o  a  n i t r o g e n - h y d r o g e n  v i b r a t i o n «
An i n t e r e s t i n g  f e a t u r e  o f  t h e  s p e c t r a  o f
[ P t ( H H ^ ) / ] 0 1 2  a n d  [ P d ( N H ^ ) ^ ] c i 2 i s  t h e  p r e s e n c e  o f  a  d o u b l e
p e a k  i n  t h e  8 0 0  o a T  r e g i o n *  T h i s  b a n d  h*?s b e e n  s h o w n  t o
c  r o c k
b e  d u e  t o  t h e  o  v i b r a t i o n »  a n d  i t  i s  s u g g e s t e d  t h a t  t h e
3
d o u b l i n g  i s  d u s  t o  " i n - p l e n e "  a n d  “ o u t - o f - p l a n e "  r o o k i n g  
m o d e s .  T h e  f a i l u r e  t o  d e t e c t  s u c h  a  d o u b l e  a b s o r p t i o n  p e a k  
i n  t h i s  c a s e  o f  t h e  t r a n » - [ P t ( H H j ) ^ C 1 „ ]  a n d  [ P d i N H ^ J ^ C l g ]  
p r o b a b l y  d u e  t o  t h e  r e s t r i c t i o n  o f  t h e  i n - p l a n e  v i b r a t i o n  b y  
t h e  p r e s e n c e  o f  t h e  l a r g e  a d j a c e n t  c h l o r i n e  a t o m s «  I t  can 
e a s i l y  b e  s e e n  t h a t  t h e  p r e s e n c e  o f  c h l o r i n e  g r o u p s  h a s  a  
m a r k e d  e f f e c t  o n  t h e  f r e q u e n c y  o f  t h e  n i t r o g e n - h y d r o g o n  
v i b r a t i o n s  i f  t h e  f r e q u e n c i e s  o f  t h e  c o r r e s p o n d i n g
v i b r a t i o n ®  i n  t h s  p l a t i n u m  a n d  p a l l a d i u m  t e t r c u a m i n e s  a r e  
c o m p a r e d  w i t h  t h o s e  o f  t h e  t r a n s - d i e h l o r o d i ami n i n e s » I n  
L P d t H H ^ ^ O l g l  t h e  v i b r a t i o n  i s  a t  1 2 4 6  o m 7 \  w h e r e  a m
f o r  t h e  t e t r a m m i n e  i t  o o o u r a  a t  1 2 8 3  cm T 1 1 s i m i l a r l y ,  t h e
C r o o k  - 1
HH o o c u r s  a t  7 5 2  omT i n  t h e  p a l l a d i u m  d i c h l o r o d i & m m i n e
3
b u t  w i t h  t h e  t e t r a m m i n e  t h e r e  i s  t h e  d o u b l e  f r e q u s n o y  o f
8 4 2  a n d  8 0 0  cxa.^  I t  i s  c l e a r  t h a t  t h i s  e f f e c t  c o n c e r n s
t h e  h y d r o g e n  a t o m s  r a t h e r  t h a n  t h e  a m m o n ia  g r o u p  a s  a  w h o l e »
s i n c e  t h e  P d - N  s k e l e t a l  v i b r a t i o n *  o n l y  s h o w s  a  s m a l l
c h a n g e  f r o m  4 9 8  t o  4 9 6  om T1 T h e  e f f e o t  o f  i o d i n e  a t o m s  o n
c  By m
t h e  v i b r a t i o n  f r e q u e n c i e s  i s  s i m i l a r ,  t h e  v i b r a t i o n
•1 3
b e i n g  a t  1 2 5 5  cm* f o r  p a l l a d i u m  d i i o d o d i a m m i n e .
An i n t e r e s t i n g  p o i n t  a r i s e s  i n  t h e  c a s e  o f  t h e
c o m p o u n d  l I g ( N H ^ ) ^ 0 1 ^  w h e r e  i t  i s  n o t  c e r t a i n  w h e t h e r  i t  i s
a  l i n e a r  i o n i c  c o m p l e x  o f  t h e  t y p e  [H^N -* •  Rg C l ^
o r  a  n e u t r a l  4  c o o r d i n a t e  c o m p l e x  L • f ig (H H ^  ) 2 C 1 2 ] .  A s t h s
c o m p l e x  i®  d e c o m p o s e d  b y  w a t e r ,  g i v i n g  H ^ N - H g - C l ,  i t  i e  n o t
p o s s i b l e  t o  d i s c o v e r  w h e t h e r  i t  i o n i s e s  i n  s o l u t i o n  o r  n o t .
T h e  a m m in e  i s  o n e  o f  t h e  m o s t  s t a b l e  k n o w n ,  a s  i s  s h o w n  b y
t h e  v e r y  h i g h  s t a b i l i t y  c o n s t a n t  ( l o g k  a v e r a ^ e  *  1 0 * 4 ) ,  b u t
w h e n  t h e  n i t r o g e n - h y d r o g e n  b e n d i n g  f r e q u e n c i e s  a r e  e x a m i n e d
i t  i s  f o u n d  t h a t  t h e y  h a v e  m u c h  l o w e r  v a l u e s  t h a n  t h o s e
n  s y m
e x p e c t e d  f o r  s u e h  a n  a m m in e ;  f o r  e x a m p l e  t h e
3
* See Chapter IX for a disoussion of th is  frequency.
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v i b r a t i o n  o o c u r s  a t  1 2 1 5  c m . $ l o w e r  t h a n  f o r  t h e  m u c h  l e e s
_  s y m  ,
s t a b l e  L C u i N H ^ J ^ j s O ^ .H ^ O  ( o ^ g  1 2 8 ?  cm ?  ) •  I f  h o w e v e r
t h e  o h l o r i d e  i o n s  a r e  c o o r d i n a t e d  t o  t h e  m e r e u r y  a t o m  t h e
l o w  f r e q u e n c y  w o u l d  b e  e x p l a i n e d  o n  t h e  b a s i s  o f  n i t r o g e n *
- h y d r o g e n - - - o h l o r i n e  i n t e r a c t i o n ,  a n d  t h i s  e v i d e n c e
t h e r e f o r e  f a v o u r s  t h e  4 c o o r d i n a t e  s t r u c t u r e  f o r  t h i s
c o m p o u n d .  I h e s e  r e s u l t s  d o  n o t  p r o v i d e  a  c o m p l e t e  p r o o f
o f  t h i s  s t r u c t u r e  a s  i t  w o u l d  b e  p o s s i b l e  f o r  t h e  n i t r o g e n -
- h y d r o g e n — c h l o r i n e  i n t e r a c t i o n  t o  o c c u r  i n t e r m o l e o u l a r l y
a n d  g i v e  s i m i l a r  r e s u l t s .  I t  i s  h o w e v e r  u n l i k e l y  t h a t  i n
t h i s  c a s e  t h e  e f f e c t  w o u l d  b e  s o  l a r g e .
80 .
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CHAPTER I X .
SPECTROSCOPIC ASSIGNMENT UP AtffllHR FREQ U EN CIES.
T h e  M e t a l - H i t r o g s n  S t r e t c h i n g  V i b r a t i o n »  V  M -H .
( S k e l e t a l  v i b r a t i o n s )
T h e  c o m p l e t e  a s s i g n m e n t  o f  t h e  n l t r o g e n - h y d r o g e n  
v i b r a t i o n s  t o  t h e  a b s o r p t i o n  b a n d s  i n  t h e  s p e o t r u m  o f  t h e  
m e t a l  a m m l n e s  d o w n  t o  f r e q u e n c i e s  o f  6 5 0  crnT 1 r a i s e s  t h e  
q u e s t i o n  o f  t h e  o o o u r r e n o e  o f  t h e  i n f r a r e d  a c t i v e  s t r e t c h i n g  
v i b r a t i o n  o f  t h e  m e t a l - n i t r o g e n  b o n d .  I t  h a s  a l r e a d y  b e e n  
s u g g e s t e d  t h a t  t h i s  m i g h t  o o o u r  i n  t h e  f r e q u e n c y  r a n g e  o f  
4 0 0 - 6 0 0  c m ? 1 w i t h  t h e  b e n d i n g  v i b r a t i o n s  a t  m u c h  l o w e r  f r e ­
q u e n c i e s »  b u t  p r e l i m i n a r y  a t t e m p t s  t o  d e t e c t  t h e  a b s o r p t i o n  
b a n d  i n  t h e  p o t a s s i u m  b r o m i d e  r e g i o n  ( 7 5 0 - 4 2 0  c m .  ) f a i l e d  
a n d  i t  w a s  n o t  u n t i l  e x t r e m e l y  c o n c e n t r a t e d  N u j o l  m u l l s  
w e r e  e x a m i n e d  t h a t  t h e  a b s o r p t i o n  c o u l d  b e  d e t e c t e d »  e n d
\
t h e n  n o t  i n  [ C o ( R H ^ ) ^ ] c i ^ # o n  w h i c h  m o s t  o f  t h e  e a r l i e r  
e x p e r i m e n t s  h a d  b e e n  m a d e »  ( t h e  a b s o r p t i o n  b a n d  f o r  t h i s  
c o m p o u n d  w a s  n o t  d e t e o t e d  u n t i l  a  m o d e m  d o u b l e  b e a m  i n s t r u ­
m e n t  ( H i l g e r  H 8 0 0 )  w a s  a v a i l a b l e  a n d  t h e n  o n l y  a s  a  v e r y
- 1
w e a k  b r o a d  b a n d  a t  5 0 2  c m . ) •  T h e  I n t e n s i t y  o f  t h e s e
c  r o o k
a b s o r p t i o n  b a n d s  c a n  b e  c o m p a r e d  w i t h  t h o s e  d u e  t o  o y  ^  
v i b r a t i o n s »  i f  t h e  r e p r o d u c t i o n s  o f  t h e  s p e o t r a  i n  t h i s  
r e g i o n  o n  p a g e  107 a r e  e x a m i n e d .  W hen t h e s e  w e a k  a b s o r p t i o n  
b a n d s  h a d  b e e n  d e t e o t e d  f o r  s e v e r a l  a m m i n e s  i t  w a s  f i r s t
n e o e s s a z y  t o  s h o w  t h a t  t h e y  c o u l d  n o t  a r i s e  f r o m  a n y  n l t r o ­
g e n - h y d r o g e n  v i b r a t i o n .  T h i s  w a s  p r o v e d  w h e n  t h e  f r e q u e n c y  
o f  t h e  v i b r a t i o n  w a s  o o m p a r e d  w i t h  t h a t  o f  t h e  d e u t e r i u m  
a n a l o g u e .  I n  t h e  t w o  o a s e s  o f  [ C o f f t H ^ i ^ C l j c l ^  a n d  
[ P d t N H ^ ) ^ ^ ! ^ ]  i t  w a s  s h o w n  t h a t  t h e  f r e q u e n c y  o n l y  c h a n g e d  
b y  a b o u t  1 $  o n  d e u t e r a t i o n ,  a n d  t h i s  s m a l l  f r e q u e n c y  c h a n g e  
w o u l d  b e  e x p e c t e d  b e c a u s e  o f  t h e  s e c o n d a r y  e f f e c t  o f  t h e  
i n c r e a s e d  m a s s  o f  t h s  v i b r a t i o n  o f  t h e  n i t r o g e n  a t o m .  T h e  
a b s o r p t i o n  b a n d  m u s t  t h e r e f o r e  b e  d u e  t o  a  m e t a l - n i t r o g e n  
v i b r a t i o n »  a n d  a s  s t r e t c h i n g  v i b r a t i o n s  a r e  a l w a y s  g r e a t e r  
t h a n  d e f o r m a t i o n s »  i t  i s  p r o b a b l y  o f  t h s  f o r m e r  t y p o  ( 1 / M y ) .
F u r t h e r  e v i d e n c e  a s  t o  t h e  i d e n t i f i c a t i o n  o f  
t h e s e  f r e q u e n c i e s  i s  o b t a i n e d  f r o m  c o m p a r i s o n  w i t h  R am an  
d a t a »  p a r t i c u l a r l y  i n  t h s  c a s s  o f  t h s  p l a t i n u m  t s t r a m m l n s ,
L P t ( N H ^ ) ^ jG lg .H ^ O »  o f  w h i c h  t h e  R am an  s p e c t r u m  h a s  b e e n  
c a r e f u l l y  e x a m i n e d  b y  M a t h i e u  • T h i s  c o m p l e x  h a s  a n  
s f f e e t i v e  p l a n a r  s t r u c t u r e  i n  r e s p e c t  o f  t h e  h e a v y  a t o m *  I t  
i s  a  p a r t i c u l a r l y  f a v o u r a b l e  s u b s t a n c e  f o r  t h i s  m e t h o d  o f  
e x a m i n a t i o n  a s  i t  i s  h i g h l y  s o l u b l e  i n  w a t e r  a n d  f o r m s  a  
c o l o u r l e s s  s o l u t i o n .  T h i s  i s  I m p o r t a n t  a s  c o n s i d e r a b l y  
m o r e  r e l i a n o e  c a n  b e  p l a c e d  o n  r e s u l t s  o b t a i n e d  u n d e r  t h e s e  
c o n d i t i o n s »  s i n c e  c o l o u r e d  s o l u t i o n s  m ay  c o n s i d e r a b l y  
r e d u c e  t h e  i n t e n s i t y  o f  t h e  e x c i t i n g  w a v e l e n g t h  e n d
I n s o l u b l e  s u b s t a n c e s  m ay c a u s a  d i f f i c u l t y  d u e  t o  l i g h t
RO
s c a t t e r i n g .  T h e  f r e q u e n c i e s  r e p o r t e d  b y  i f i a t h i e u  f o r  
t h i s  c o m p o u n d  a r e  5 3 8  ( p o l a r i s e d ) ,  5 2 6  ( d e p o l a r i s e d ) ,
2 7 0  ( d e p o l a r i s e d ) .  T h e  f i r s t  o f  t h e s e  o& n h e  r e a d i l y  
a s s i g n e d  t o  t h e  t w o  R am an  & o t i v e  s  t r e t  o i l i n g  f r e q u e n c i e s  
a s  i n d i c a t e d  b e l o w  *
( i )  ( i d  ( i n )
t  t
h m u
I I I
■*- & —  F t  —  N -*■ — M —  F t  — M ♦ -  —► N —  P t  —  S —
I I I
W  N I
I  I
5 3 8  5 2 6
R am an  A c t i v e  I n f r a r e d  A c t i v e
T h e r e  i s  n o  d o u b t  t h a t  t h e  f r e q u e n c y  o f  5 3 8  i s  t h e  t o t a l l y
s y m m e t r i c  v i b r a t i o n  ( I )  a s  i t  i s  f u l l y  p o l a r i s e d  a n d  t h i s
c a n  o n l y  b e  t r u e  o f  a  t o t a l l y  s y m m e t r i c  o r  " b r e a t h i n g ”
v i b r a t i o n  a n d  e l i m i n a t e s  t h e  p o s s i b i l i t y  o f  i t  b e i n g  a n
e m g l e  d e f o r m a t i o n  v i b r a t i o n .  T h e  a s s i g n m e n t  o f  t h e
f r e q u e n c i e s  o f  5 2 6  a n d  511 t h e r e f o r e  f o l l o w .
T h e r e  i s  o n e  n o t a b l e  f e a t u r e  o f  t h e s e  m e t a l *
- n i t r o g e n  a b s o r p t i o n  b e n d s  a n d  t h a t  i s  t h e  w e a k n e s s  o f  t h e
a b s o r p t i o n .  T h i s  m ay s e e z a  s u r p r i s i n g  a s  t h e  b o n d  m u s t  b e
+ *
h i g h l y  p o l a r ,  b e i n g  o f  t h e  c o o r d i n a t e  t y p e ,  F t~ K  a n d  
a o e t  p o l a r  b o n d s  g i v e  h i g h  a b s o r p t i o n  i n t e n s i t i e s .  T h i s ,  
h o w e v e r ,  i s  n o t  a l w a y s  t h e  c a s e ,  a e  t h e o r e t i c a l l y  t h e  b a n d
g m -  9 .
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i n t e n s i t y  d e p e n d s  o n  d / i / d r ,  w h e r e  r  i s  t h e  d i s t a n c e  
b e t w e e n  t h e  v i b r a t i n g  a t o m s  s a d  d ^ / d r  i s  t h e  c h a n g e  i n  
d i p o l e  m o m e n t  o n  v i b r a t i o n .  R o w , i f  we c o n s i d e r  t h e  
a p p r o a c h  o f  t w o  i s o l a t e d  a t o m s ,  t h e  d i p o l e  m o m e n t  a t  
i n f i n i t e  s e p a r a t i o n  m u s t  b e  z e r o  a s  w e l l  a s  s e r o  i f  t h e  
a t o m s  c o a l e s c e ,  t h u s  t h e  c h a n g e  i n  t h e  b o n d  d i p o l e  m o m e n t  
w i t h  i n t e r n u c l e a r  d i s t a n c e  m u s t  f o l l o w  t h e  c o u r s e  s h o w n  i n  
9*
N ow , i f  t h e  v i b r a t i o n  o f  t h e  n u c l e i  t a k e s  p l a c e  
o v e r  t h e  p o r t i o n  o f  t h e  c u r v e  0  -  D , i t  i s  d e a r  t h a t  a  
l a r g e  d i p o l e  w i l l  l e a d  t o  a  h i g h  v a l u e  f o r  d / d r ,  a n d  
t h e r e f o r e  a  h i g h  i n t e n s i t y .  H o w e v e r ,  i f  t h e  v i b r a t i o n  i s  
i n  t h e  p o r t i o n  f r o m  A -  B ,  w h e r e  t h e  c u r v e  i s  f l a t t e n i n g  
o u t ,  t h i s  m a y  n o  l o n g e r  b e  t h e  c a s e .  T h u s  i t  f o l l o w s  
t h a t  t h o u g h  p o l a r  b a n d s  i n  g e n e r a l  t e n d  t o  g i v e  h i g h  b a n d  
I n t e n s i t i e s ,  t h i s  m ay  n o t  a l w a y s  b e  t h e  c a s e ,  a n d  s o  t h e  
w e a k n e s s  o f  t h e  a b s o r p t i o n  b a n d  a t  511 c m ? 1 i s  n o t  a  
s e r i o u s  o b j e c t i o n  t o  t h i s  a s s i g n m e n t .  T h e r e  a r e  o n l y  t w o  
p o s s i b l e  a l t e r n a t i v e  e x p l a n a t i o n s  f o r  t h e  p r e s e n c e  o f  t h i s  
a b s o r p t i o n .  I t  c o u l d  b e  o n e  o f  t h e  R am an  a c t i v e  f r e ­
q u e n c i e s  w h i c h  h a d  b e o o m e  I n f r a r e d  a c t i v e  d u e  t o  c r y s t a l  
d i s t o r t i o n  e f f e o t s  i n  t h e  s o l i d  s t a t e ,  o r  i t  c o u l d  b e  a n  
o v e r t o n e  o f  o n e  o f  t h e  I n f r a r e d  a c t i v e  b e n d i n g  f r e q u e n c i e s .
I f  e i t h e r  o f  t h e s e  e x p l a n a t i o n s  i s  c o r r e c t  i t  i s  r e a s o n a b l e
t o  a s k  w h e r e  t h e  i n f r a r o d  a c t i v e  V  P t - K  f r e q u e n c y  o c c u r s ,
a s  i t  w o u l d  n o t  b e  e x p e c t e d  t o  b e  f a r  r e m o v e d  f r o m  t h e  H a s a n
a c t i v e  f r e q u e n c i e s ,  s i n c e  t h e  p l a t i n u m  a t o m  i s  h e a v y  i n
r e l a t i o n  t o  t h e  n i t r o g e n  a t o m ,  a n d  t h e  v i b r a t i o n  o f  t h e
c e n t r a l  p l a t i n u m  a t o m  s h o u l d  n o t  m o d i f y  t h e  f r e q u e n c y
g r e a t l y «  I h i e  i s  s u p p o r t e d  b y  o t h e r  o a s e s  w h e r e  t h e  a s s i g n
s e n t  o f  t h e  f r e q u e n c i e s  i s  f u l l y  k n o w n ,  f o r  e x a m p l e  i n
m e t h a n e ,  w h e r e  t h e  m a s s  r a t i o  C sH  o f  1 2 * 1  i s  n o t  g r e a t l y
d i f f e r e n t  f r o m  t h e  P t s f i H ^  m a s s  r a t i o  o f  1 9 5 * 1 7  ( 1 1 * 5 * 1 ) ,
t h o u g h  t h e  s y m m e t r y  i n  m e t h a n e  i s  t e t r a h e d r a l  a n d  n o t  p l a n a r
W i t h  m e t h a n e  t h e  " b r e a t h i n g "  f r e q u e n c y  i s  a t  2 9 1 4  cm 7 1 a n d
t h e  s e c o n d  s t r e t c h i n g  f r e q u e n c y  a t  3 0 2 0  o m 7 1 ,  a  d i f f e r e n c e
o f  4% a n d  w e m i g h t  e x p e c t  a  d i f f e r e n c e  o f  t h i s  o r d e r  o f
m a g n i t u d e  f o r  t h e  R am an  a n d  i n f r a r e d  s t r e t c h i n g  f r e q u e n c i e s
o f  t h e  p l a t i n u m  t e t r a m m i n e «
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B r i g h t  W i l s o n  h a s  g i v e n  s o m e  c a l c u l a t i o n s  f o r  
a  p l a n a r  m o l e c u l e  o f  t h e  t y p e  M ( s y m m e t r y  c l a s s  
b a s e d  o n  a  s i m p l e  v a l e n o e  f o r c e  f i e l d  e n d  t h e  e q u a t i o n s  
e v o l v e d  h a v e  b e e n  a p p l i e d  t o  t h i s  c a s e  o f  t h e  p l a t i n u m  
t e t r a m m i n e «  I t  s h o u l d  b e  e m p h a s i s e d  t h a t  t h e  u s e  o f  t h e s e  
e q u a t i o n s  i n v o l v e s  c o n s i d e r a b l e  a p p r o x i m a t i o n s ,  a s  t h s  
a m m o n ia  g r o u p  i s  t r e a t e d  a s  a  s i n g l e  v i b r a t i n g  u n i t  a n d  
o n l y  d i r e c t  b o n d i n g  a l o n g  v a l e n c e  b o n d s  i s  c o n s i d e r e d  ( i t  
i s  a l m o s t  c e r t a i n  t h a t  t h e r e  i s  s o m e  i n t e r a c t i o n  b e t w e e n
F I G .  1 0 ,  
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The equations derived by Bright Wilson are as
A 1 - * /'m
A 2  * V'm
As " H/
A 5  “ ( 1  ♦
A 7 - * / «
A 3 ) _ i
) *
A 4 !
2m ( 1 ♦ 2 a / „ ( H  ♦  K )  *  [ ( 1  + ♦  K ) 2
-  4 ( 1  + * * /w ) IC H ]2 )
)
w h e r e  \  m 4  f t  2 V2
m a n d  X a r e  t h e  m a s s e s  o f  t h e  a t o m s  o o n o e x n e d  
£  i s  t h e  s t r e t c h i n g  f o r c e  c o n s t a n t  
H a n d  h  ? r e  i n - p l a n e  a n d  o u t - o f - p l a n e  b e n d i n g  f o r o e  
c o n s t a n t s *
T h e  f r e q u e n c i e s  d e s c r i b e d  b y  t h e s e  e q u a t i o n s  c a n  
b e  r e l a t e d  t o  t h e  f u n d a m e n t a l  v i b r a t i o n s  o f  t h e  m o l e c u l e  
a s  i n d i c a t e d  i n  f i g *  1 0 .  T h e  t h r e e  v i b r a t i o n s  w h i c h  
i n v o l v e  m a i n l y  s t r e t c h i n g  m o d e s  a r e  V  ^ » V  w  e n d  ) /  y  o f  
o f  w h i c h  t h e  f i r s t  t w o  a r e  B a m a n  a c t i v e  a n d  t h e  t h i r d  i s  
i n f r a r e d  a o t i v e *  T h e  a c t u a l  B a m a n  d a t a  g i v e n  b y  M a t h i e u ^ 2
4 ^ A
s h o w  f r e q u e n c i e s  o f  5 3 8  e m .  ( p o l a r i s e d ) ,  5 2 3  omT ( d e p o l a r ­
i s e d )  a n d  2 7 0  omT^ ( d e p o l a r i s e d ) $ a s  a l r e a d y  p o i n t e d  o u t  
t h e  f r e q u e n c y  o f  5 3 8  om7^ m u s t  b e  t h e  * b r e a t h i n g w v i b r a t i o n  
y  1 . I t  t h e r e f o r e  f o l l o w s  t h a t  V y  a n d  V  ^  s h o u l d  b e  
a s s i g n e d  t h e  r e m a i n i n g  f r e q u e n c i e s  o f  5 2 3  a n d  2 7 0  om T 1 
r e s p e c t i v e l y  ( V j  b e i n g  a  b e n d i n g  v i b r a t i o n  w i l l  h a v e  l o w e r  
f r e q u e n c y  t h a n  y  y t w h i c h  i s  a  s t r e t c h i n g  f r e q u e n c y ) .
I f  t h e s e  f i g u r e s  a r e  t h e n  a p p l i e d  t o  t h e  e q u a t i o n s
q u o t e d  a b o v e  i t  i s  c l e a r  t h a t  t h e  f r e q u e n c y  y  ^  ( t h e  i n f r a ­
r e d  a c t i v e  s t r e t c h i n g  f r e q u e n c y )  a n d  ) /  ^  c a n  b e  c a l c u l a t e d  
o n  t h e  b a s i s  o f  t h e  H ainan  d a t a  s i n c e ,  \  • = A  ^  -  K /m  a n d  
\  j  *  H /m ,  a n d  t h e  e x p r e s s i o n  f o r  A  ^ a n d  X ^  o n l y  i n v o l v e s  
t h e  v a l u e s  o f  K a n d  H a n d  t h e  m a s s e s  o f  t h e  a t o m s .
I t  s h o u l d  b e  n o t e d  t h a t  t h e o r e t i c a l l y  V   ^ a n d  V  y  
s h o u l d  h a v e  e q u a l  f r e q u e n c i e s ;  i n  t h i s  c a s e  i t  i s  o b s e r v e d  
t h a t  V   ^ *  5 3 8  cm T 1 a n d  V  y  *  5 2 3  omT1 , a n d  s o  f o r  t h e  
p u r p o s e s  o f  t h e  c a l c u l a t i o n  o f  K a n  a v e r a g e  v a l u e  o f  5 3 2  cm . 
i s  t a k e n *
S i n c e  A  n ° C  y  n  » w^ e ^ e  y  *  f r e q u e n c y ,  i t  
f o l l o w s  X 1  *  A y  *  A ( 5 3 2 ) 2  m ( w h e r e  A i s  c o n s t a n t )
H e n c e  K »  H  .  5 3 2 2 . A -  3 * 9 6 2  . 1 0 6 A
s i m i l a r l y  A 5 =* A . 2 7 0 2 a
H e n c e  H a  1 4  .  2 7 0 2 • A a  1 * 0 2 1  .  1 0 6 A
I n s e r t i n g  t h e  a s  v a l u e s  i n  t h s  e x p r e s s i o n  f o r
X 3 « 4  A 4
^ 3  j m  _ J —  (1 + 28  j 4 . 9 8 4 a  i  [ ( i  + 2 8 ) 2  ( 4 . 9 8 4 a ) 2
A  4  ) 2 - 1 4  ”  9 5
-  4 ( 1  ♦  j H )  4 •  0 4 4 A 2  x  101 2 ] *
-  m  * 4 * 9 8 4  -  U | f $ > 2 .  4 * 9 8 4 2
-  * ( j | ^ )  4 * 0 4 4 ] *
-  5 * 7 0 0  t  [ 3 . 2 - 4 9  -  2 0 * 8 2 ] *
6 2 
*  T E T  ^ 5 * 7 5 0  t  3 . 4 1 6 ]  .  ( 3
U 4*
I t  f o l l o w *  t h a t  y  3 -  5 7 2  om T1
y  4 -  2 8 9  o ra .
I n  t h i s  c a l c u l a t i o n  t h s  m a s s  o f  t h e  l i g h t  a t o m  
w a s  t a k e n  a s  t h s  m a s s  o f  a  n i t r o g e n  a t o m  ( a t o m i c  w e i g h t  1 4 )  
I f  t h e  v a l u e  o f  1 7  i s  t a k e n  f o r  t h e  m a e s  o f  t h e  w h o l e  
a m m o n ia  m o l e c u l e  t h e  c a l c u l a t e d  f r e q u e n c y  i s  o n l y  v e r y  
s l i g h t l y  a l t e r e d  ( b y  a b o u t  5 c m T 1 ) .
T h e  T a l u s  f o r  t h e  i n f r a r e d  a c t i v e  s t r e t c h i n g  
f r e q u e n c y  V  ^  o f  5 7 0  o m 7 1 i s  n o t  i n  v e r y  f o o d  a g r e e m e n t  w i t h  
t h e  o b s e r v e d  f r e q u e n c y  o f  511  em T 1 t n e v e r t h e l e s s  t h e s e  
e e l o u l a t i o n s  i n v o l v e  a  c o n s i d e r a b l e  d e g r e e  o f  a p p r o x i m a t i o n  
a n d  a g r e e m e n t  w i t h i n  1 0 #  i s  p r o b a b l y  a s  g o o d  a s  c o u l d  b e  
e x p e c t e d «  C e r t a i n l y  t h e s e  f i g u r e s  d o  s u g g e s t  t h a t  t h i s  
v i b r a t i o n  i s  n o t  l i k e l y  t o  o o o u r  a t  a  f r e q u e n c y  m u c h  l o w e r  
t h a n  t h e  K am an  f r e q u e n c i e s *
T h e s e  r e s u l t s  a r e  i n t e r e s t i n g  i n  t h e  l i g h t  o f  t h e  
s u g g e s t i o n s  b y  B a r r o w  e t  a l y ,  w ho»  u s i n g  & c a e s i u m  b r o m i d e  
p r i s m  w e r e  a b l e  t o  e x t e n d  t h e  s p e c t r a l  r a n g e  e x a m i n e d  t o
• 1  m.2 5 0  c m . * i h e s e  a u t h o r s  f o u n d  i n  m a n y  c a s e s  a  s t r o n g  b a n d  
a t  m u c h  l o w e r  f r e q u e n c i e s »  w h i c h  t h e y  a s s i g n e d  t o  t h e  Y  M  
( s t r e t c h i n g )  v i b r a t i o n *  T h e r e  a r e »  h o w e v e r ,  a  n u m b e r  o f  
i n c o n s i s t e n c i e s  i n  t h i s  p a p e r s  f o r  t P t ( N H ^ ) ^ ] c l 2 *H ^0 a  
b a n d  e t  4 9 7  om T1 1 *  a . s i g n e d  t o  t h *  y  p t _ j j  T i b r a t i o n >  ^
f o r  [ P t ( N K ^ ) ^ ] [ P t C l ^ ]  a  b a n d  a t  o a ,  3 0 0  om T1 i s  a s s i g n e d  t o  
t h i s  v i b r a t i o n  a n d  t h e r e  s e e m s  t o  b e  n o  r e a s o n  f o r  t h i s  
m a r k e d  d i f f e r e n c e  i n  f r e q u e n c y ,  a s  t h e  s a m e  i o n  i s  i n v o l v e d  
i n  e a c h  c a s e *  F o r  o i s  a n d  t r a n s - P t ( I ? ) 2 ^ 2  * r e <iu ®n o i e s  
o f  3 2 6  a n d  4 2 2  a r e  r e p o r t e d  a n d  a g a i n  i t  s e e m s  s u r p r i s i n g  
t h a t  t h e s e  f r e q u e n c i e s  a r e  s o  d i f f e r e n t  f r o m  t h o s e  f o r  t h e  
t e t r a m m i n e *  I t  s e e m s  v e r y  p r o b a b l e  t h a t  t h e  l o w  f r e q u e n c y  
a b s o r p t i o n  n e a r  3 0 0  e a T 1 i s  d u e  t o  o n e  o f  t h e  b e n d i n g
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v i b r a t i o n a l  m o d e s ,  e n d  i t  i s  I n t e r e s t i n g  t o  o b s e r v e  t h a t  t b s  
v i b r a t i o n  h a s  a  w a l e u l a t e d  f r e q u e n c y  o f  2 9 0  sm T 1 a n d  l a  
i n  r e a s o n a b l e  a g r e e m e n t  w i t h  t h e  l o w e r  f r e q u e n c i e s  r e p o r t e d  
b y  B a r r o w  e t  a l * ^ °  o f  " n e a r  3 0 0  o m 7 1 " .
On t h e  b a s i s  o f  t h e  r e s u l t s  r e p o r t e d  i n  t h e  p r e s e n t  
w o r k  i t  s e e m s  h i g h l y  p r o b a b l e  t h a t  t h e  f r e q u e n o y  o b s e r v e d  
f o r  t h e  p l a t i n u m  t e t r a m m i n e  o f  511 cm T1 i s  o o r r e e t l y  a s s i g n e d  
t o  t h e  N  v i b r a t i o n  a n d  t h a t  t h e  o t h e r  a u t h o r s
h a v e  n o t  u s e d  s u f f i c i e n t l y  c o n c e n t r a t e d  s a m p l e s  o f  t h e  
a m m i n s s  t o  d e t e c t  t h e  w e a k  a b s o r p t i o n  b a n d s  f o u n d *
S i m i l a r  c a l c u l a t i o n s  t o  t h o s e  a p p l i e d  t o  t h e  
[ P t ( H H 3 ) 4 ] 2+ i o n  c a n  b e  a p p l i e d  t o  t h e  m o r s  c o m p l i c a t e d  o a s s  
o f  a n  o c t a h e d r a l  m o l e c u l e  o f  t h e  t y p e  M C a l c u l a t i o n s  
f o r  m o l e c u l e s  o f  t h i s  t y p e  a r e  g i v e n  b y  H e a t h  a n d  L i n n e t t * ^ ,  
a n d  t h e  f u n d a m e n t a l  v i b r a t i o n s  o f  t h i s  m o l s o u l e  a r e  s h o w n  
i n  F i g .  1 1 .
T h e  e q u a t i o n s  r e l a t i n g  t o  t h e  v i b r a t i o n a l  f r e q u e n c i e s ,  
g i v e n  b y  H e a t h  a n d  L i n n e t t  a r e  a s  f o l l o w s  t
A  *  ( k   ^ + 8 a ) / i&2
A 2 =■ ( k 1 -  ^  |  ♦ 3 A ) / * 2
A 3 *  A 4  -  <*1 -  2  I  ♦  + - ¡ ¿ )  ♦  ( k  + 3 |  + 2 A )
< 1 ; ♦ m- W 5 /» i< 2 j 2  A -  i 2 f )
X 3 X 4  *  [ ( k 1  " 2  |  + 4A)(k + 3 |  + 2A)
^ 5  »  ( f c  ♦  2  |  +  4 A )  /  m 2
^ 6  ■ ( ] £ + •  2 A ) / » 2
I n  t h e s e  e q u a t i o n s  ^  *  4
i s  t h e  m a s s  o f  t h e  o e n t r a l  a t o m  (M) a n d
& 2  i s  m a s s  o f  s u r r o u n d i n g  a t o m s  ( X ) .
k 1# k  a n d  A a r e  c o n s t a n t s .  I h s  t e r m  B /R  i s  i n t r o d u c e d
t o  a l l o w  f o r  t h e  r e p u l s i o n  B e t w e e n  n o n - b o n d e d  a t o m s ,  a n d  i s
d e t e r m i n e d  b y  t h e  e q u a t i o n  B /R  ® . I n  t h e  p r e s e n t  w o r k
t h e  t e r m  B /R  i s  o m i t t e d  f r o m  t h e  e q u a t i o n s  a s  t h e  s i n g l e  
a t o m  X i a  r e p l a c e d  b y  a  g r o u p  (R B ^ )  a n d  i t  i s  n o t  l i k e l y  
t h a t  t h e  s a m e  c o n d i t i o n s  a p p l y  t o  t h e  i n t e r a c t i o n  o f  t h e s e  
g r o u p s  a s  i n  t h e  o a s e  o f  s i m p l e  a t o m s .  I h e  s i m p l i f i e d  
e q u a t i o n s  a r e  a s  f o l l o w s  1
( 1 )  A 1 * (k 1 ♦ 8A) /  a 2
( 2 )  A  2  *  + ® / 3  A ) /  m2
i 3 )  A 3  *? X 4  *  <k i  ♦  4 A ) ( 1 / m *  ♦ 2 / m 1 ) ♦
( k  ♦ 2 A ) ( 4 / m 1 + ‘I / m  ) -  16A /m ^
(4) A 3  A * at t ( k 1  + 4 A ) ( k  ♦ 2 A )  -  8 A 2 J ( 1 / m 2 2  ♦
(5) a 5  - (k + * A )  /  m 2
( 6 )
\ 6  - (k + 2 A )  /  m 2
T h e  o n l y  o c t a h e d r a l  aramlne f o r  w h i c h  a l l  t h r e e  R a m a n  a c t i v e  
f r e q u e n c i e s  h a v e  b e e n  o b s e r v e d  i s  t h e  r h o d i u m  h e x a m m i n e  
t R h ( N H ^ ) 6 ]0 1 ^| f o r  [ O o i N H ^ J g J c i ^  o n l y  t h e  t w o  h i g h e r  
f r e q u e n c i e s  o f  5 7 5  a n d  4 8 5  h a v e  b e e n  o b s e r v e d *  T h e  R a m a n
f r e q u e n c i e s  o b s e r v e d  f o r  [ R h ( N H ^ ) ^ ] C 1 ^ a r e  a s  f o l l o w s :
— 1 — 1 5 2
5 0 0  c m 7  ( p o l a r i s e d ) »  4 7 5  c m 7 a n d  2 7 0  c m *  , T h e s e  c a n
e l e a r l y  b e  a s s i g n e d  t o  t h e  f r e q u e n c i e s ) ^ ,  e n d  V  ^ 
r e s p e c t i v e l y  ( a s  w i t h  [ P t ( H H ^ ) ^ ] 0 1 2  t h e  p o l a r i s e d  f r e q u e n c y  
i s  i d e n t i f i e d  w i t h  t h e  " b r e a t h i n g *1 f r e q u e n c y  V  ^ ) •
I f  w e  near t a k e  \  n  *  C  y j *  a n d  t h e  m a s s  o f  t h e  
g r o u p  a s  1 7  a n d  t h e  m a s s  of t h e  c e n t r a l  a t o m ,  m^  i s  1 0 3 »
w e  c a n  c a l o u l a t e  A» k p  a n d  k  . S u b s t i t u t i n g  i n  t h s
e q u a t i o n s  a b o v e
A  -  3 / 1 6  ( y 1 2  -  V  2 2 ) m 2 C  -  7 * 7 7 0  x  1 0 4  C
k ,  „ 1 / 2  ( 3  y /  - y ? )  m 20 «  3 * 6 2 8  x  1 0 6  C
k  -  t V 5 2  -  3 / 4 ( y  2 - y 2 2 ) ] a 2 0  -  9*285  *  1 0 5  C
I f  t h e  v a l u e s  of t h e s e  c o n s t a n t s  a r e  s u b s t i t u t e d  i n  
e q u a t i o n s  ( 3 ) e n d  ( 4 )» i t  f o l l o w s
1 0 4 .
S i n o «
A 4 ♦ • 0 2 1  X 1 0 5 C
m-< 2 * 9 0 7  x 1 0 1 ° C *
e q u a t o n *
^ 3 3 * 0 7 6  x 1 0 5C
A 4 9 * 4 5  x  1 0 4 C
A  n i t  f o l l o w s
V 3 5 4 5  o m T 1
^ 4
3 1 0  o x T 1
H o  r h o d i u m  h e x a u u a i n e  s a l t  w a s  a v a i l a b l e  b u t  [ E h t M H ^ i ^ C l J c i ^
w a s  e x a m i n e d  and a  w e a k  d o u b l e t  w a s  d e t e c t e d  a t  4 8 3  a n d  473 
- 1  *c m .  • T h i s  i s  t h e  o n l y  c a s e  w h e r e  a  d o u b l i n g  o f  t h i s  
s k e l e t a l  f r e q u e n c y  h a s  b e e n  o b s e r v e d ,  t h o u g h ' i n  s e v e r a l  
o a s e s  a  b r o a d  b a n d  w a s  o b t a i n e d ,  n o t a b l y  i n  L C o ( K H ^ ) ^ ] c i ^ .
T h e  p r o b a b l e  r e a s o n  f o r  t h i s  e f f e c t  i s  t h e  c r y s t a l  i n t e r ­
a c t i o n s  of t h e  m o l e c u l e s  w h i c h  o f t e n  o a u s e  f r e q u e n c y  s p l i t ­
t i n g  o f  t h i s  t y p e .  T h e  i n f r a r e d  s p e c t r u m  o f  L K h ( H f i ^ ) j C l j c i ^  
i s  o t h e r w i s e  v e r y  s i m i l a r  t o  t h a t  o f  [ C o ( N H ^ ) ^ c i ] c i 2  a n d  i f
i t  i s  a s s u m e d  t h a t  a s  [ O o ( H H . ) ^ ] c i ^  h a s  a  f r e q u e n c y  V  
1 2  c m T 1 l a r g e r  t h a n  [ O o ( E H ^ ) ^ G l ] C l ^ ,  t h e  s a m e  d i f f e r e n c e
* T w o  e x t r e m e l y  w e a k  b u t  s h a r p  a b s o r p t i o n  b a n d s  w e r e  
a l s o  d e t s o t s d  a t  9 0 3  a n d  $ 1 6  e m T 1 , b u t  t h s  o r i g i n  
o f  t h e s s  i s  n o t  a p p a r e n t  e n d  m a y  b e  d u e  t o  a n  
i m p u r i t y  •
w o u l d  a p p l y  t o  r h o d i u m  h e x & m m i n e ,  w e  w o u l d  e x p e c t  a  
f r e q u e n c y  o f  a b o u t  490 o m 7 1 f o r  t h e  v i b r a t i o n  V  
T h i s  f i g u r e  l e  c o n s i d e r a b l y  s m a l l e r  t h a n  t h e  o a l o u l a t e d  
v a l u e  o f  5 4 5  c m T 1 , b u t  c o n s i d e r i n g  t h e  a p p r o x i m a t i o n s  i n ­
v o l v e d  i n  t h e  o a l c u l a t i o n  t h e  a g r e e m e n t  i s  n o t  u n r e a s o n a b l e .  
T h e  c a l c u l a t i o n  c e r t a i n l y  m a k e s  i t  o l e a r  t h a t  t h e  i n f r a r e d  
a o t i v e  s t r e t c h i n g  v i b r a t i o n  i s  n o t  l i k e l y  t o  o o o u r  a t  a u o h  
l o w e r  f r e q u e n c i e s  a s  t h i s  w o u l d  i n o r e a s e  t h e  d l s e r e p a a o y  
b e t w e e n  t h e  c a l c u l a t e d  a n d  o b s e r v e d  v a l u e s .  I t  i s  i n t e r ­
e s t i n g  t o  n o t e  t h a t  t h e  p e r c e n t a g e  d l f f e r e n o e  b e t w e e n  t h e  
o a l o u l a t e d  a n d  o b s e r v e d  v a l u e s  i s  v e r y  s i m i l a r  t o  t h a t  n o t e d  
f o r  t h e  p l a t i n u m  t e t r a m m i n e  ( a b o u t  1 0 $  i n  e & o h  c a s e ) .
T h e  s i m p l i f i e d  e q u a t i o n s  h a v e  a l s o  b e e n  a p p l i e d  t o  
I e ? £ ,  w h i o h  i s  o n e  o f  t h e  m o l e c u l e s  f o r  w h i c h  t h e  o r i g i n a l  
e q u a t i o n s  w e r e  p r o p o s e d ,  s o  a s  t o  t e s t  t h e  v a l i d i t y  o f  t h e  
s i m p l i f i c a t i o n s  u s e d  i n  t h e  e q u a t i o n s .  T h e  v a l u e s  o f  t h e
R m n  f r e q u e n c i e s  o b s e r v e d  a r e  a s  f o l l o w s f  y   ^ «  7 0 1  o m .  ,
1 1 y  2  *  6 7 4  o m .  a n d  y  ^ *  3 1 3  o m .  a n d  t h e  a p p l i c a t i o n  of
t h e s e  s i m p l i f i e d  e q u a t i o n s  t o  t h i s  e a s e  g i v e s  «  7 7 0  o m T ^
a n d  y  4  -  3 3 0  o m T 1 , t h e  e x p e r i m e n t a l  v a l u e s  b e i n g  7 5 2  o a w 1
f o r  y  « o b A  a n  e s t i m a t e d  v a l u e  o f  f r o m  3 4 0  t o  3 8 0  o m T 1  f o r
y/ w h i o h  w a s  n o t  o b s e r v e d  d l r e o t i y .  T h e  r e a s o n a b l e
a g r e e m e n t  o f  o a l o u l a t e d  a n d  e x p e r i m e n t a l  v a l u e s  i n  t h i s
o a s e  j u s t i f i e s  t h e  u s e  of  t h e  s i m p l i f i e d  e q u a t i o n s  o h o s e n .
F r e q u e n c i e s  n e a r  5 0 0  c m 7 1 w h i o h  o a n  s i m i l a r l y  b e  
a s c r i b e d  t o  s k e l e t a l  v i b r a t i o n s  o f  t h i s  t y p e  h a v e  n o w  b e e n  
d e t e o t e d  f o r  a  n u m b e r  o f  n o m i n e e ,  a n d  m o s t  o f  t h e s e  h a v e  
b e e n  r e o o r d e d  i n  T a b l e  I .  T h e s e  i n c l u d e  o l e  a n d  t r a n s  
[?t(fiH 3 ) 2 C l 2 ] f [ P d ( K H 3 ) 4 ] C l 2# o i s  a n d  t r a n s  [ P 4 ( N H 3 ) 2 C 1 2 ], 
[ C o ( N H 3 ) 5 C l ] C l 2 , [ R h ( H H 3 ) 5 C l J C l 2  a n d  [ C o ( K H 3 )6 j C l ^  W i t h  
t h e  l a t t e r  o o m p o u n d  t h e  b a n d  p r o v e d  e x t r e m e l y  d i f f i c u l t  t o  
d e t e c t  a e  i t  w a s  e x t r e m e l y  w e a k  a n d  b r o a d .  M o s t  of  t h e  
o t h e r  a m m i n e e  e x a m i n e d  i n  t h i s  w o r k  w e r e  m u e h  l e e s  s t a b l e  
a n d  t h e i r  s k e l e t a l  f r e q u e n c i e s  a p p e a r e d  t o  b e  t o o  l o w  f o r  
d e t e c t i o n  w i t h  p o t a s s i u m  b r o m i d e  o p t i c s .  A n  i n d i c a t i o n  o f  
a  b a n d  n e a r  4 0 0  o m 7 1  w a s  o b t a i n e d  f o r  [ C u ( N H 3 )4 ] c l 2 , b u t  it 
w a s  n o t  p o s s i b l e  t o  i d e n t i f y  t h e  f r e q u e n c y  e x a c t l y ;  
h o w e v e r ,  t h i s  i s  t h e  s p e c t r a l  r e g i o n  w h e r e  a n  i n f r a r e d  
a c t i v e  b a n d  m i g h t  b e  e x p e c t e d  b y  c o m p a r i s o n  w i t h  t h e  
o b s e r v e d  R a m a n  f r e q u e n c i e s .
S P E C T R A  O F  C O N C E N T R A T E D  N U J O L  M U L L S
9 0 0  t o  4 0 0  c m T *
t C t i J U
S T A B I L I T Y  O F  C O M P f c K X K S  Al<D T H E  I N F R A R E D  S P E C T R A
O F  M E T  A h  A M M I N E S .
C H A P T E R  X .
O n e  o f  t h e  m o a t  w i d e l y  i n v e s t i g a t e d  q u a n t i t a t i v e  
p r o p e r t i e s  o f  c o m p l e x e s  i s  t h e i r  s t a b i l i t y ,  e n d  n u m e r o u s  
m e t h o d s  h a v e  b e e n  u s e d  i n  i t s  d e t e r m i n a t i o n .  N o  s t a b i l i t y  
c o n s t a n t s  h a v e  b e e n  d e t e r m i n e d  i n  t h e  c o u r s e  o f  t h i s  w o r k  
a n d  t h e  v a l u e s  u s e d  h a v e  b e e n  t a k e n  f r o m  t h e  l i t e r a t u r e ,  
n o t a b l y  t h e  t a b l e  o f  o o l l e e t e d  d a t a  p u b l i s h e d  b y  B j e r r u m ^ .  
T h e s e  v a l u e s  w e r e  m o s t l y  d e t e r m i n e d  i n  d i l u t e  a q u e o u s  
s o l u t i o n ,  i n  t h e  p r e s e n c e  o f  n e u t r a l  a a l t 8  t o  p r e s e r v e  
c o n s t a n t  i o n i o  s t r e n g t h ,  a n d  a t  n o r m a l  l a b o r a t o x y  t e m p e r a t u r e .
I t  i s  a p p r e c i a t e d  t h a t  t h e r e  i s  o n l y  a n  i n d i r e c t  
r e l a t i o n s h i p  b e t w e e n  t h e  s t a b i l i t y  c o n s t a n t s  a n d  t h e  b o n d  
s t r e n g t h ,  r e l a t e d  i n  t u r n  t o  t h e  v i b r a t i o n  f r e q u e n c i e s  of 
t h e  c o m p l e x e s ;  n e v e r t h e l e s s  t h e  t w o  p r o p e r t i e s  a r e  g e n e r a l i y  
e x p e c t e d  t o  f o l l o w  s i m i l a r  t r e n d s ,  i . e .  s t r o n g  b o n d i n g  o f  
a  g r o u p  s h o u l d  l e a d  t o  a  h i g h  v a l u e  f o r  t h e  s t a b i l i t y  
c o n s t a n t .
L e t  u e  f i r s t  c o n s i d e r  t h e  f a c t o r s  i n v o l v e d  i n  e a e h  
c a s e ,  t a k i n g  f i r s t  t h e  s t a b i l i t y  c o n s t a n t ,  a s  u s u a l l y  
d e f i n e d  b y  t h e  e q u a t i o n
[M A  ]
I t   ----------
a a  f r o m  t h e  e q u a t i o n  M  t  x A  3 2 b  M A x
1 0 8 .
H o w e v e r ,  t h i s  d o s s  n o t  a l l o w  f o r  t h e  h y d r a t i o n  of  t h e  m e t a l  
i o n  M, and a  m o d i f i e d  c o n s t a n t  i s  m o r e  a c c u r a t e l y  u s e d ,  b a s e d  
o n  t h e  e q u a t i o n
U (  K 2 0 ) x  ♦  x A  3P=fc M A X  4- x H 2 0
It ' « ------5------i_ —
[m ] [ a ]x
F o r  t h e  a d d i t i o n  o f  o n e  g r o u p  A ,  t h e  t w o  o o n s t a n t s  a r e  
r e l a t e d  a s  f o l l o w s t  l o g  k* »  l o g  k  + l o g  5 5  ( 5 5  b e i n g
m o l a r  c o n c e n t r a t i o n  o f  w a t e r ) «
F o r  t h e  c o m p a r i s o n s  u s e d  h e r e  l o g  
u s e d ,  b e i n g  t h e  a v e r a g e  v a l u e  o f  t h e  c o n s t a n t  f o r  t h e  
a d d i t i o n  o f  g r o u p s  u p  t o  t h e  n o r m a l  m a x i m u m  c o o r d i n a t i o n  
n u m b e r s .
4
I f  t h e  e q u i l i b r i u m  c o n s t a n t  f o r  t h e  r e a c t i o n s  i s  
k n o w n ,  it c a n  b e  u s e d  a s  a  m e a s u r e  o f  t h e  f r e e  e n e r g y  o f  
f o r m a t i o n  o f  t h e  c o m p l e x ,  s i n c e  A  0  m  - R T  l o g  k ,  a n d  s i n e s  
t h e  t e m p e r a t u r e  r a n g e  o f  s t a b i l i t y  d e t e r m i n a t i o n  i s  s m a l l  
a n d  c a n  u s u a l l y  b e  I g n o r e d ,  A G  o C  l o g  k 1 « A c t u a l l y  a  
b e t t e r  m e a s u r e  o f  t h e  b a n d  s t r e n g t h s  w o u l d  b e  o b t a i n e d  b y  u s e  
o f  A  H,  t h e  h e a t  o f  f o r m a t i o n ,  r a t h e r  t h a n  A  G, t h e  o h a n g e  
i n  f r e e  e n e r g y .  I h e s e  a r e  r e l a t e d  b y  t h e  e x p r e s s i o n  
A G  *  A H  - T A S  a n d  A H  c a n  b e  f o u n d  i f  s t a b i l i t y  c o n s t a n t s  
a t  d i f f e r e n t  t e m p e r a t u r e s  a r e  a v a i l a b l e .  T h e s e  h a v e  b e e n
e x a m i n e d  o n l y  r a r e l y  i n  t h e  p a s t ,  a n d  u s u a l l y  i t  i s  o n l y  
p o s s i b l e  t o  u s e  A g  a n d  a s s u m e  t h a t  A s i s  s m a l l # o r  a t  
l e a s t  d o e s  n o t  v a r y  m u c h  f r o m  o a s e  t o  o a s e .  T h i s  i s  p r o «  
b a b l y  j u s t i f i e d  w h e r e
(a) o n e  u n l d e n t a t e  g r o u p  r e p l a o e s  a n o t h e r ,
(b) t h e  r e p l a c e d  g r o u p  h a s  t h e  s a m e  e h & r g e  ( S e e
B u r k i n 6 0 * ) .
T h e s e  o o n d i t i o n s  a r e  s a t i s f i e d  i n  t h e  f o r m a t i o n  o f  a m m i n e s  
f r o m  t h e  h y d r a t e d  i o n s  w h i o h  a r e  b e i n g  c o n s i d e r e d  i n  t h i s  
w o r k .
W h e n  t h e  y i b r a t i o n  o h a r a o t e r i s t i o s  of a  m o l e c u l e  
a r e  c o n s i d e r e d ,  t h e  s t r e t c h i n g  v i b r a t i o n s  w i l l  g i v e  t h e  m o s t  
a c c u r a t e  m e a s u r e  o f  t h e  s t r e n g t h  o f  t h e  b o n d  a s  i n d i c a t e d  
b y  t h e  s t r e t c h i n g  f o r c e  c o n s t a n t .  I f  w e  c o n s i d e r  a  t y p i c a l  
m o l e o u l e  s u c h  a s  [ P t ( R H j ) ^ ] 2 * G l 2 , t h e  s t r e t c h i n g  f r e q u e n c i e s  
o f  t h e  P t — N  b o n d  o & n  b e  r e p r o d u c e d  a s  s h o w n  b e l o w :
t  t
K a m a n  a c t i v e  I n f r a r e d  a c t i v e
I t  i s  c l e a r  t h a t  t h e  R a m a n  a c t i v e  v i b r a t i o n s  d o  n o t  i n v o l v e  
m o v e m e n t  o f  t h e  p l a t i n u m  a t o m  i t s e l f ,  t h u s  v a r i a t i o n  i n  t h s  
m a s s  of t h s  c e n t r a l  a t o m  w i l l  n o t  a f f e o t  t h e  v i b r a t i o n  
f r e q u e n c i e s  a n d  t h e  m e a s u r e d  f r e q u e n c i e s  o a n  b e  d i r e o t l y
a s  a  m e a s u r e  o f  t h e  f o r o e  c o n s t a n t  o f  t h e  b o n d ;  o n  t h e  
o t h e r  h a n d ,  t h e  i n f r a r e d  a c t i v e  f r e q u e n c y  w i l l  b e  a f f e c t e d  
b y  t h e  m a s s  o f  t h e  o e n t r a l  m e t a l ,  p a r t i c u l a r l y  w i t h  t h e  
l i g h t e r  m e t a l s .  T h u s  t h e  m o s t  a c c u r a t e  m e a s u r e  o f  t h e  
b o n d  s t r e n g t h  s h o u l d  r e s u l t  f r o m  u s i n g  t h s  t o t a l l y  s y m -  
m e t r i c ,  o r  " b r e a t h i n g 1* R a m a n  a c t i v e  f r e q u e n c y .  S i m i l a r  
c o n s i d e r a t l o n e  w i l l  a p p l y  t o  o t h e r  s y m m e t r i e s ,  s u c h  a s  
t e t r a h e d r a l  a n d  o o t a h e d r a l .  T h i s  i s  e a s i l y  i d e n t i f i e d  a s  
i t  l e  f u l l y  p o l a r i s e d  i n  e a o h  o a s e  a n d  o f t e n  h a s  t h e  
h i g h e s t  f r e q u e n c y .
T h e  n l t r o g e n * » h y d r o g e n  v i b r a t i o n s  s h o u l d  a l s o  
g i v e  a n  i n d i r e c t  m e a s u r e  o f  t h e  b o n d  s t r e n g t h .  T h e  
c h a n g e  i n  t h e  n i t r o g e n - h y d r o g e n  v i b r a t i o n a l  f r e q u e n o y  a s  
a n  a m m o n i a  g r o u p  i s  c o o r d i n a t e d  t o  a  m e t a l  i o n  i s  p r o b a b l y  
a s s o c i a t e d  w i t h  t h e  c h a n g e  i n  b o n d  t y p e .  T h i s  e f f e c t  c a n  
b e  o b s e r v e d  i f  t h e  c o r r e s p o n d i n g  f r e q u s n c i e s  o f  a m m o n i a  
a n d  t h s  a m m o n i u m  i o n  a r e  c o m p a r e d ,  w h e r e  t h e  s t r e t c h i n g  
f o r o e  c o n s t a n t  f o r  t h e  N — H  b o n d  c h a n g e s  f r o m  6 * 3  x  1 0  
d y n e s / o m i t o  5 * 4  x  10**^ d y n e s / c m ?  T h e  i n d i r e c t  n a t u r e  
o f  t h e s e  f r e q u e n c i e s  r e d u c e s  t h e i r  v a l u e  a s  a  m e a s u r e  of  
b o n d  s t r e n g t h )  i n  a d d i t i o n ,  h y d r o g e n  b o n d i n g  m a y  b e  of 
s i g n l f i o a n o e  i n  s o l i d  s t a t e  s p e c t r o s c o p y ,  a n d  i n  s o m e  
o a s e s  i t  h a s  b e s n  s u g g e s t e d  t h a t  d i r e c t  b o n d i n g  o f  t h s  
h y d r o g s n  a t o m  t o  t h s  p l a t i n u m  t a k e s  p l a c e  d u e  t o  a n
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X Raman frequency
o v e r l a p  o f  a  p l a t i n u m  " d "  o r b i t a l  w i t h  t h e  h y d r o g e n  o r b i t a l .  
T h e y  » r e ,  h o w e v e r ,  l e e s  a f f e c t e d  b y  v a r i a t i o n  o f  t h e  m a s s  o f  
t h e  o e n t r & l  m e t a l  i o n  a n d  b y  t h e  s y m m e t r y  of  t h e  p a r t i c u l a r  
a m m i n e  •
I n  t h e  g r a p h s  o p p o s i t e ,  t h e  v a l u e s  o f  l o g  iLa v e r a g #
+  l o g  5 5  a r e  p l o t t e d  a g a i n s t  v a l u e s  o f  t h e  f o l l o w i n g  f r e -
_ s y m  n  r o c k
q u . n o i e . ,  ( a) S  R H  ( P i g .  1 2 ), (b) S  ^  ( P i g .  1 3 ) ,
( o )  V  M  _  ( B a m a n  a o t i v . ) a n d  V p^  ( i n f r a r a d  a c t i v e ) ( P i g .  1 4 )
I t  i s  o b s e r v e d  t h a t  t h e r e  i s  a  f a i r l y  o l o s e  
g e n e r a l  r e l a t i o n s h i p  b e t w e e n  t h e  p r o p e r t i e s  c o m p a r e d ,  a n d  
t h e  u s e  of i n f r a r e d  d a t a  s h o u l d  e n a b l e  a n  a p p r o x i m a t e  
e s t i m a t e  t o  b e  m a d e  of t h e  v a l u e  o f  t h e  s t a b i l i t y  c o n s t a n t  
f o r  a  s i m p l e  a n i o n .  T h i s  m a y  b e  o f  p a r t i c u l a r  v a l u e  w h e r e  
t h e  s t a b i l i t y  o o n s t a n t  i s  d l f f l o u l t  t o  o b t a i n  d l r e o t l y ,  a s  
i n  o a s e s  w h e r e  t h e  h y d r a t e d  m e t a l  i o n  i s  u n s t a b l e .  A n  
e x a m p l e  o f  t h i s  i s  t h e  p l a t i n o u s  i o n .  T a k i n g  t h e  k n o w n  
v a l u e s  o f  t h e  v i b r a t i o n  f r e q u e n c i e s  a s  i n d i c a t e d  o n  T a b l e  I, 
w e  c a n  e s t i m a t e  t h e  s t a b i l i t y  o o n s t a n t  ( l o g  k  +  l o g  5 5 ) *
U s i n g  t h e  c u r v e s  i n  F i g .  1 2  w e  o b t a i n  t h e  v a l u e  of 7 * 8 ,  
a n d  u s i n g  F i g .  14, 7 * 5 .  T h e  o o n s t a n t  c a n n o t  b s  d e t e r m i n e d  
d l r e o t l y  a e  t h e  i o n  [ P t i H ^ O ) ^ ] 2 * i e  u n s t a b l e  i n  s o l u t i o n .
C H A P T E R  X I .
T H E  T R A N S * » E F F E C T  I N  P L A T I N O U S  C O M P L E X E S ,
T h e  p o w e r  o f  c e r t a i n  l i g a n d s  t o  p r o m o t e  s u b s t i ­
t u t i o n  a t  a  t r a n s  p o s i t i o n  i n  p l a n a r  c o m p l e x e s  h a s  b e e n  k n o w n  
f o r  a  c o n s i d e r a b l e  t i m e ,  o n e  o f  t h e  f i r s t  e x a m p l e s  b e i n g  t h e  
p r o d u c t i o n  o f  o i s  o r  t r a n s  p l a t i n o u s  d i o h l o r o d i a m a i n  e 
d e p e n d i n g  o n  w h e t h e r  o o o r d i n a t e d  c h l o r i n e  i s  d i s p l a c e d  b y  
a m m o n i a  o r  v i c e  v e r s a *
( a) [ p t ( K H 3 )4 ] 2 +  ♦ 2 C 1  — t r a n * - P t ( N H 3 ) 2 C l 2
o r
(Id) [ P t C l 4 J2 *  ♦ 2 N H 3  — *- o l £ - P t ( N H 3 ) 2 S l 2
I n  t h e s e  r e a c t i o n s ,  c h l o r i n e  i s  t h e  t r a n s  d i r e c t i n g  g r o u p  
a n d  s o  d i a g r a m m a t i o a l l y  i t  c a n  b e  s e e n  h o w  r e a o t i o n s  ( a)  
a n d  (b) a r i s e ,  s i n c e  i n  ( a ) ,  a f t e r  o n e  a m m o n i a  h a s  b e e n  r e -  
p l a c e d  w e  h a v e  t h e  c o m p o u n d  s h o w n  i n  I,  w h e r e  t h e  a m m o n i a  
a t  ( 4 ), b e i n g  t r a n s  t o  c h l o r i n e  i s  t h e  n e x t  t o  b e  r e p l a c e d
( 1 )  R H > 0 1  ( 2) (1) O T U  C l  ( 2)
P t  P t
(4 )  K H ;}/  X H H 3  (3 )  (4) C l  ^  0 1  ( 3 )
X X X
w h e r e a s  i n  (b )  t h e  c o m p o u n d  p r o d u c e d  a f t e r  o n e  c h l o r i n e  i s  
r e p l a c e d  i s  a s  s h o w n  i n  I I ,  w h e r s  i t  i s  c l e a r  t h a t  t h e  n e x t  
o h l o r i n e  t o  b e  r e p l a c e d  w i l l  b e  e i t h e r  (2) o r  ( 4 ) ,  l e a d i n g
I t  i s  p o s s i b l e  o n  t h e  b a s i s  of  t h e  s u b s t i t u t i o n  
r e a c t i o n  t o  a r r a n g e  l i g a n d s  i n  a  s e r i e s  o f  i n c r e a s i n g  t r a n s  
d i r e c t i v e  e f f e c t t a l t h o u g h  t h e  e x a o t  o r d e r  i s  s o m e t i m e s  
d o u b t f u l .  R u s s i a n  w o r k e r s  q u o t e d  b y  C h e t t ,  D u n o a n s o n  a n d  
Y e n a n s i b 1  g i v e  t h e  f o l l o w i n g  l i g a n d s  i n  o r d e r  of i n c r e a s i n g  
t r a n s - d i r e o t i v e  p o w e r i
H 2 0  < O H  < H H j  < H H H 2  < p y r i d i n e  < 0 1  < flr < C H S  ~  I H 0 2  a*
s o 3 h <v  p r ^ / v  i 2 s ^ s o ( r h 2 ) 2  < n o  < c e ~  c 2 H 4 ~  ON
S h e  c a u s e  o f  t h e  t r a n s  e f f e c t  w a s  u n t i l  r e c e n t l y  
g e n e r a l l y  a s s u m e d  t o  b e  t h e  w e a k e n i n g  o f  t h e  m e t a l - l i g a n d  
b o n d  t r a n s  t o  t h e  d i r e c t i v e  g r o u p ,  e n d  t h u s  f a v o u r i n g  d i s ­
s o c i a t i o n  of t h e  o o m p l e x ,  s o  t h a t  a  r a p i d  a t t a c h m e n t  o f  t h e  
s u b s t i t u t i n g  g r o u p  c a n  t a k e  p l a c e .  f h i s  w i l l  g i v e  
e f f e c t i v e l y  a n  S ^ 1  t y p e  of  m e o h a n i e m
X  X
L  --------  M --------  X  --------------------- ► 1    M ---  ♦  X  Sjy1
w e a k e n e d
X  r a t e  d e t e r -  X
m i n i n g  i y
r a p i d
X
L  M  y
X
g a
Q u a g l i a n o  a n d  S c h u b e r t  h a v e  r e v i e w e d  m a n y  
e x a m p l e s  of t h e  t r a n s  e f f e c t  a n d  h a v e  d i s c u s s e d  t h e  o a u s e
i n  e i t h e r  o a e e  t o  t h e  f o r m a t i o n  o f  t h e  o i s  i s o m e r .
o f  i t  i n  t e r m *  o f  s u c h  a  d i s s o c i a t i v e  m e c h a n i s m .  M o r e
1 or e c e n t l y  C h a t t ,  D u n e  a n a  o n  a n d  V s n a n z l  h a v e  s u g g e s t e d  t h a t  
t h e  o a u & e  of t h e  t r a n a  e f f e c t  w a s  n o t  t h e  w e a k e n i n g  o f  t h e  
b o n d  o f  t h e  t r a n a  l i g a n d  b u t  t h a t  t h e  t r a n s - d i r e c t i v e  g r o u p s  
a r e  a b l e  t o  w i t h d r a w  e l e c t r o n s  f r o m  " d ” o r b i t a l s  of  t h e  m e t a l ,  
t h u s  c a u s i n g  a n  e l e c t r o n  d e f i c i e n c y ,  m a i n l y  t r a n a  t o  t h e  
d i r e c t i v e  g r o u p .  xtais w o u l d  p r o m o t e  a t t a c k  b y  a n o t h e r  
l i g a n d  a t  t h i s  p o s i t i o n  t h r o u g h  a n  S ^ 2  t y p e  m e c h a n i s m *
X  X
i i
L  ----- X  ----  X     L   X ----- Y  + X
I ^  I
X  \ y  X
T h e  w i t h d r a w a l  o f  e l e c t r o n s  f r o m  t h e  m e t a l  o r b i t a l s  c a n  t a k e  
p l a c e  i n  t h e  p l a t i n u m  c o m p l e x e s  b y  t h e  f o r m a t i o n  o f  a T T  b o n d  
i n  a d d i t i o n  t o  t h e  n o r m a l  0 * b o n d ,  u s i n g  a  5 d 6 p  h y b r i d  o r b i t a l  
o f  t h e  p l a t i n u m  c o m b i n e d  w i t h  a n  o r b i t a l  o f  t h e  l i g a n d  
h a v i n g  t h e  o o r r e o t  s y m m e t r y  c h a r a c t e r i s t i c s *  I h e  e v i d e n c e  
f o r  t h i s  f o r m  o f  b a c k  c o o r d i n a t i o n  c o m e s  m a i n l y  f r o m  d i p o l s
m e a s u r e m e n t s ,  w h e r e  f o r  e x a m p l e  t h e  b o n d  d i p o l e  m o m e n t  of
t h e  e t h y l e n e » p l a t i n u m  b o n d  i e  m u c h  l o w e r  t h a n  e x p e c t e d  f o r  
a  m e a s u r e d  s i m p l e  c o o r d i n a t e  b o n d .
L i g a n d s  w h i c h  c a n n o t  r e a d i l y  f o r m  a  d o u b l e  b o n d  
o f  t h i s  t y p e ,  s u c h  a s  w a t e r ,  a m m o n i a  a n d  a m i n e s ,  a r e  o n l y
w e a k l y  t r a n a  d i r e c t i v e ,  w h e r e a s  g r o u p s  s u c h  a s  t r i a l k y l
p f c o s p h i n e ,  d i a l k y l  s u l p h i d e s  o r  d e f i n e s ,  w h i c h  h a v e  
a v a i l a b l e  o r b i t a l s  of t h e  r e q u i r e d  t y p e  a r e  s t r o n g l y  t r a n s - 
d l r s o t l v s *
T h e  l i m i t e d  k l n e t l o  e v i d e n c e  a v a i l a b l e  s u p p o r t s  
t h e  v i e w  o f  C h a t t  a n d  h i s  c o - w o r k e r s ^ 0 * * * 1  o n  t h e  n a t u r e  o f  
t h e  s u b s t i t u t i o n  p r o c e s s  a n d ,  f o r  e x a m p l e ,  i n  s t u d i e s  o f  
t h e  r a t e  o f  e x c h a n g e  u s i n g  r a d i o a c t i v e  i s o t o p e s  i n  t h e  
r e a c t i o n : «
K ^ t x ^  ♦  m i 4 x *  — ► K ^ P t X ^ X ^  +  k h 4 x
( X  *  C l ,  B r ,  I o r  C H S )  
w h e r e  i t  i s  f o u n d  t h a t  t h e  e x c h a n g e  ie m o r e  r a p i d  w i t h  t h e  
m o r e  s t a b l e  o o m p l e x e e :  t h i s  o o u l d  n o t  b e  e x p l a i n e d  o n  t h e
b a s i s  o f  a d l s s o o i a t i v e  t y p e  m e c h a n i s m * ^ *
I t  w o u l d  o l e a r l y  b e  of v a l u e  t o  o b t a i n  s o m e  e v i ­
d e n c e  a s  t o  c h a n g e  o f  s t r e n g t h  i n  t h e  m e t & l - l i g a n d  b o n d  
w i t h  t r a n s  l i g a n d s  o f  v a r y i n g  t r a n a  d i r e c t i v e  s t r e n g t h  i n  
o r d e r  t o  s e e  i f  t h e r e  i s  a n y  a p p r e o i a b l e  b o n d  w e a k e n i n g  
w h i c h  m i g h t  f a c i l i t a t e  d i s s o c i a t i o n *  C h a t t ,  D u n c a n s o n  a n d  
V s n a n a i 1 0  h a v e  a t t e m p t e d  t o  o b t a i n  i n f o r m a t i o n  o n  t h e  
s t r e n g t h  o f  t h e  m e t a l - n i t r o g e n  b o n d  w h e n  o r g a n i c  a m i n e s  a r e  
c o o r d i n a t e d  t r a n a  t o  l i g a n d s  o f  v a r y i n g  t r a n s  d i r e o t i v s  
p o w e r *  T h e i r  r e s u l t s  a x e  b a s e d  o n  t h e  v a r i a t i o n  o f  t h e  
f r e q u e n c i e s  a n d  i n t e n s i t i e s  o f  t h e  a b s o r p t i o n  b a n d s  d u e  t o  
t h e  n i t r o g e n - h y d r o g e n  s t r e t c h i n g  f r e q u e n c i e s  i n  v a r i o u s
C l
l i g a n d  —  P t  —  a m i n e  
C l
T h e  a m i n e s  u s e d  i n c l u d e d  p i p e r i d i n e ,  p - t o l u i d i n e  a n d  l i g a n d s  
o f  w i d e l y  v a r y i n g  t y p e s .  T h e s e  a u t h o r s  w e r e  a b l e  t o  s h o w  
t h a t  t h e  n i t r o g e n - h y d r o g e n  s t r e t o h i n g  f r e q u e n c i e s  d i d  n o t  
f o l l o w  t h e  o r d e r  of t h e  t r a n s  d i r e c t i v e  s t r e n g t h s  o f  t h e  
l i g a n d s  a n d  t h u s  c o n c l u d e d  t h a t  w e a k e n i n g  o f  t h e  m e t a l -  
- n i t r o g e n  b o n d  w a s  n o t  a n  i m p o r t a n t  f a c t o r  i n  d e t e r m i n i n g  
t h e  t r a n s  d i r e c t i v e  p o w e r  o f  a  l i g a n d .
T h e  s t u d y  o f  n i t r o g e n - h y d r o g e n  v i b r a t i o n s  c a n  o n l y  
g i v e  i n d i r e c t  e v i d e n c e  o f  t h e  n a t u r e  o f  t h e  m e t a l - n i t r o g e n  
b o n d  a n d  a l t h o u g h  i t  m a y  b e  p o s s i b l e  o n  t h i s  b a s i s  t o  o b t a i n  
a  f a i r l y  r e l i a b l e  c o m p a r i s o n  o f  b o n d  s t r e n g t h s  i n  a  s e r i e s  
o f  o l o s e l y  r e l a t e d  o o m p o u n d s ,  n o  e s t i m a t e  c a n  b e  m a d e  o f  t h e  
n u m e r i c a l  v a l u e  o f  b o n d  s t r e n g t h  d i f f e r e n c e s .  T h e s e  a r e  
e s s e n t i a l  i f  t h e  p o s s i b l e  c o n t r i b u t i o n  o f  b o n d  w e a k e n i n g  t o  
t h e  t r a n s  e f f e o t  i s  t o  b e  c o n s i d e r e d .
T h e  i d e n t i f i c a t i o n  o f  t h e  m e t a l - n i t r o g e n  s k e l e t a l  
s t r e t o h i n g  f r e q u e n c i e s  f o r  a  n u m b e r  o f  d i f f e r e n t  m e t a l  
a m m i n e s  ( s e e  C h a p .  X X )  a f f o r d s  a  m e a n s  o f  o b t a i n i n g  a  m u c h  
m o r e  d i r e c t  c o m p a r i s o n  o f  t h e  b o n d  s t r e n g t h  w h e n  t h e  a m m o n i a  
g r o u p  i n  a  c o m p l e x  i s  t r a n s  t o  v a r i o u s  l i g a n d s .  A m m o n i a  i s  
a  p a r t i c u l a r l y  u s e f u l  g r o u p  w i t h  w h i o h  t o  e x a m i n e  t h e
c o m p l e x e s  o f  t h e  t y p e
1 1 9
d i r e c t i v e  e f f e c t  o f  o t h e r  g r o u p *  a s  i t  s h o w s  no 
s i g n i f i c a n t  t r a n s  d i r e c t i v e  e f f e c t  a n d  i t  i s  n o t  l i k e l y  
t o  f o r m  a  T t  b o n d  w i t h  t h e  e l e c t r o n s  o f  t h e  m e t a l  i o n  a s  
i t  h a s  n o  s u i t a b l e  o r b i t a l  a v a i l a b l e *
I n  a n  i n i t i a l  s e r i e s  of e x p e r i m e n t s  o i s  a n d  t r a n s  
I s o m e r s  o f  t h e  t y p e  P t ( l ? H ^ ) 2 X 2  w e r e  c o m p a r e d !  a s  i n  t h e  o i s  
i s o m e r  b o t h  g r o u p s  a r e  t r a n s  t o  X, w h e r e a s  i n  t h e  t r a n s  
i s o m e r  t h e y  a r e  t r a n s  t o  e a c h  o t h e r
l'he m a i n  d i f f i c u l t y  i n  c o m p a r i n g  c o m p o u n d s  o f  t h i s  t y p e  i s  
t h a t  i n  t h e  t r a n s  c o m p o u n d  t h e r s  i s  o n l y  o n s  i n f r a r e d  
a c t i v e  m e t a l - n i t r o g e n  s t r e t c h i n g  v i b r a t i o n ,  w h e r e a s  i n  t h e  
o i s  c o m p o u n d  t h e r e  a r e  t w o  a n d  i t  i s  t h e r e f o r e  d i f f i c u l t  t o  
d e e i d e  o n  t h e  o o r r e o t  v i b r a t i o n s  t o  o o m p a r s  ( t h e  m o s t  
r e a s o n a b l e  m e t h o d  w o u l d  b e  t o  c o m p a r e  a v e r a g e  f r e q u e n c i e s  
o f  t h e  t w o  v i b r a t i o n s  o f  t h e  o i s  c o m p o u n d  w i t h  t h a t  o f  t h e  
t r a n s ) * I n  p r a c t i c e ,  a l t h o u g h  b o t h  a b s o r p t i o n  f r e q u e n c i e s  
w e r s  d e t e c t e d  f o r  e l s  p a l l a d i u m  d i o h l o r o d i a i n a i n e s ,  o n l y  o n e  
w a s  d e t e c t e d  w i t h  t h e  c o r r e s p o n d i n g  c o m p o u n d s  i n v o l v i n g  t h e  
h e a v i e r  p l a t i n u m  a t o m s «
A  m o r e  s a t i s f a c t o r y  g r o u p  o f  c o m p o u n d s  i s  t h a t  o f
g i n  I n f r a r e d  A b s o r p t i o n  F r e q u e n c i e s  o f  P a l l a d i u m  
a n d  P l a t i n g » 1 1  C o m p l e x e s  ( o m T 1 )
(a) P a l l a d i u m  C o m p l e x e s
(b) P l a t i n u m  C o m p l e x e s
T A B L E  V .
I I
_ • T T
M a i n  I n f r a r e d  A b s o r p t i o n  F r e q u e n c i e s  o f  P a l l a d i u m
I I  -1a n d  P l a t i n u m  C o m p l e x e s  (e.g. ) *
(a) P a l l a d i u m  C o m p l e x e s
T A B L E  V .
t r a n s e l s t r a n s c i s
P d ( R H 3 ) 2 C l 2 l’d ( H H 3 ) 2 C l 2 P d ( in 0 2 ) ^ ( K H 3 ) 2 P d ( K 0 2 ) 2 (KH3 ) 2
4 9 6 * 4 9 7 *  4 7 7 * ? 4 9 6 *  4 6 3 *
7 5 2
1 2 4 6
1 6 0 5 . b e e  T a b l e  V I f o r  h i g h e r
3 2 3 0 f * f r e q u e n c i e s
3 3 2 0
" W O "  a b s o r p t i o n  b e l o w  6 5 0  c m T
j o m i t t e d *
* T h e s e  s p e c t r a  w e r e  d e t e r m i n e d  o n  N u j o l  m u l l s  o f  
u n k n o w n  c o n c e n t r a t i o n »  a n d  s o  b a n d  s t r e n g t h s  a r e  
o n l y  c o m p a r a t i v e  f o r  a  p a r t i c u l a r  s p e c t r u m *
/ e a k e r  b a n d s  L a v e  b e e n  o m i t t e d »  e x c e p t  b e l o w  6 0 0 *
^  D u e  t o  v i b r a t i o n *
1 * 1 .
T A L L E  V .
(b )  P l a t i n u m  C o m p l e x e s
M a i n  I n f r a r e d  A b s o r p t i o n  f r e q u e n c i e s  o f  P a l l a d i u m  
kncL P l a t l u  xai~~ C o m p l e x e s  ( o m T 1 )*
(b) P l a t i n u m  C o m p l e x e s
TABUS Y,
I I
t r a n s c i s cis o i s
P t ( H H 3 ) 2 C l / P t ( W H 3 )2 C l 2 P t ( N H 3 ) 2 ( R 0 2 ) C l P t ( N H 3 )2 ( R 0 2 ) 2
5 0 7 ^  
8 2 8 b .  
1 2 8 8 « . ( 1 3 0 5 )
1 5 3 8 w .  
1 6 3 8 w .  
3 1 7 0 b .  
3 2 7 0 m .
5 0 8 * » .
8 0 5 m .
1 3 0 0 s.
1 3 1 7 s .
1 5 3 6 w .
1 6 3 0 w .
3 2 7 0 m . ( 3 2 0 0 j
o a . S I O ^ T . w .
5 3 3 s .
5 4 5
N o t  e x a m i n e d  ;
reg J
m
N o  P t - N  f r e ­
q u e n c y  d e t e c t e d  
d u e  t o  v e r y  
s t r o n g  N Q a  
&1d s  o r p  u x oix • 
ln  r o c k  s a l t  
Lon.
t r a n s
( J B t g S j ^ P t C l g
o i a
( E t g S j g P t C l g
t r a n s  (St^S) 
( N H 3 ) P t 0 1 2
X t P t i G g H ^
c i 3 ] h 2 o
t r a n s  (Cja^) 
i « i 3 ) p t c i 2
4 9 3 * w . 5 0 0 ) t . b . 4 8 1 ^ w .
6 7 7 6 7 7 b 6 7 9 b . 5 5 0  b r o a d
7 2 6 w . 6 2 5 w . 727'-.
( H 2 0 )
6 2 0 * . 6 1 7 w .
7 8 9 s . 717Sm. 7 3 5 » .
8 3 5 w . . 8 2 0 w .
9 7 5 a . 1 0 1 1 s. 1 0 1 0 s . ( 1 0 2 3 )
N o t  e x a m i n e d  i n  r o o k - s n l t 1 0 3 7 w . 1 0 2 3 s. -
r e g i o n 1 0 4 5 w . 1 2 4  C w . 1 2 5 5 b .
1 2 4 5 w . - 1 2 6 7 s.
1 2 8 4 s. 1 4 2 5 s . 1 4 2 2 m .
1 3 1 7w. 1 6 1 2 s . 1 6 1 0 m .
1 6 3 1 m . 3 4 8 0 m . 3 3 0 0 e.
3 1 7 0 w . 3 5 4 0 m . -
3 2 6 O w . • *
* I h e s e  s p e c t r a  w a r e  d e t e r m i n e d  o n  K u j o l  m u l l s  o f  u n k n o w n  
o o n o e n t r a t i o n ,  a n d  s o  b a n d  s t r e n g t h s  a r e  o n l y  c o m p a r a t i v e  
f o r  a  p a r t i c u l a r  s p e c t r u m »  W e a k e r  b e n d s  h o v e  b e e n  o m i t t e d  
e x c e p t  b e l o w  6 0 0 «
p  i h e s e  f r e q u e n c i e s  h a v e  b e e n  r e c o r d e d  p r e v i o u s l y .
^  D u s  t o > /  p t - N  v i b r a t i o n ____________________________
w h e r e  o n l y  a  s i n g l e  f r e q u e n c y  w o u l d  b e  e x p e o t e d  f o r  t h e
v i b r a t i o n .  I n  t h i s  w o r k  a  s e r i e s  o f  c o m p o u n d s  o f  
t h i s  t y p e ,  o f  w h l o h  t r a n s - [ ? t ( N H ^ ) 2 Q 1 q 3  I s  t h e  f i r s t  m e m b e r ,  
h a s  b e e n  e x a m i n e d «
T h e  c o m p o u n d s  e x a m i n e d  a n d  t h e  f r e q u e n c i e s  
o b s e r v e d  a r e  c o n t a i n e d  i n  T a b l e  V .  I n  a d d i t i o n  t o  t h e  
s p e c t r a  i n  t h e  p o t a s s i u m  b r o m i d e  r e g i o n ,  s p e o t r a  i n  t h e  
r o c k  s a l t  r e g i o n  h a v e  a l s o  b e e n  d e t e r m i n e d  i n  s o m e  c a s e s  
w h e r e  t h e y  s h o w  f e a t u r e s  o f  a p o d a l  i n t e r e s t ,  o r  t o  c o n f i r m  
t h e  p u r i t y  o f  p a r t i c u l a r  i s o m e r s *  W h e r e v e r  p o s s i b l e ,  
s p e c t r a  o f  r e l a t e d  c o m p o u n d s ,  b u t  n o t  c o n t a i n i n g  a n  a m m o n i a  
g r o u p ,  h a v e  b e e n  i n c l u d e d  t o  c o n f i r m  t h e  i d e n t i f i c a t i o n  o f  
t h e  J H S  f r e q u e n o y *
T h e  s i m i l a r i t y  o f  t h e  V* M - V  f r e q u e n c i e s  o b s e r v e d  
* o r  o i a  t r a a s  [ P t ( ! 9 H ^ ) ^ C l 2 l i n d i c a t e s  t h a t  o h l o r l n e  h a s  
n o  a p p r e c i a b l e  b o n d  w e a k e n i n g  e f f e c t  o n  t h e  P t - N  b o n d *  I n  
t h e  c o r r e s p o n d i n g  c o m p o u n d s  f o r  p a l l a d i u m  t h e  p r e s e n c e  of  
t h e  o h l o r l n e  a t o m s  d o e s  a p p e a r  t o  g i v e  s o m e  b o n d  w e a k e n i n g ,  
a s  t h e  d o u b l e  f r e q u e n c i e s  o b s e r v e d  f o r  t h e  o i s  c o m p o u n d  
( 4 9 7  a n d  4 7 7 )  h a v e  a n  a v e r a g e  v a l u e  o f  4 8 7  c m T 1 , a p p r e c i a b l y
l e s s  t h e n  t h e  s i n g l e  f r e q u e n c y  o f  4 9 6  c m T 1 f o u n d  f o r  t h e  
t r a n s  i s o m e r .
T h e  r e s u l t s  f o r  o i s  a n d  t r a n s  n l t r o a m m i n e e  a r e  
m u c h  l e s s  c o n c l u s i v e  a s  t h e  d e t e c t i o n  o f  t h e  w e a k  ^  g u  
f r e q u e n c y  i s  d i f f i c u l t  b e c a u s e  o f  t h e  v e r y  s t r o n g  a b s o r p t i o n  
b a n d  d u e  t o  t h e  n i t r o  g r o u p  v i b r a t i o n  i n  t h e  s a m e  r e g i o n .
I n  t h e  c a s e  o f  e l s  a n d  t r a n s - P d ( K H ^ ) ^ ( K Q ^ ) ^ ,  t h e  a v e r a g e
o f  t h e  t w o  f r e q u e n c i e s  o b s e r v e d  f o r  t h e  o i s  c o m p o u n d  ( 4 9 6
«•1 - 1a n d  4 6 3  c m .  ) i s  4 8 0  c m .  , w h i c h  i s  c o n s i d e r a b l y  l o w e r  t h a n  
t h e  f r e q u e n c i e s  o b s e r v e d  f o r  o t h e r  p a l l a d i u m  e x a m i n e s  ( e . g .  
[ P d ( N H ^ ) ^ ] C l 2  *  4 9 8  c m T 1 ) b u t  i t  w a s  n o t  p o s s i b l e  t o  d e t e c t  
t h e  V  f t  y  A b s o r p t i o n  ift t h e  c o r r e s p o n d i n g  t r a n s  d l n i t r o d i -  
a m m i n e .  S i m i l a r  d i f f i c u l t y  w a s  f o u n d  w i t h  t h e  p l a t i n u m  
n i t r o  c o m p o u n d s ,  w h e r e  n o  a b s o r p t i o n  b a n d  d u e  t o  
c o u l d  b e  d e f i n i t e l y  d e t e c t e d  i n  o i s  t h o u g h
a  v e r y  w e a k  b a n d  a t  o a .  5 1 0  c m T 1 s e e m e d  t o  i n d i c a t e  t h a t  t h e  
n i t r o  g r o u p  e x e r t s  l i t t l e  w e a k e n i n g  o n  t h e  P t - N H ^  b o n d .
I h e  b a n d  i s  t o o  w e a k ,  h o w e v e r ,  f o r  a  d e f i n i t e  c o n c l u s i o n  t o  
b e  r e a c h e d .
I t  l a  a p p a r e n t  t h a t  t h o u g h  b o t h  c h l o r i n e  a n d  t h e  
n i t r o  g r o u p  c a u s e  s o m e  w e a k e n i n g  i n  t h e  t r a n s  b o n d  i n
t h e  p a l l a d i u m  c o m p o u n d s ,  n o  s u c h  b o n d  w e a k e n i n g  i s  o b s e r v e d  
w i t h  t h e  p l a t i n u m  c o m p o u n d s .  H o w e v e r ,  w h e n  t h e  s e r i e s  of 
c o m p o u n d s  o f  t h s  t y p s  t r a n s  [ L P t C l ^ . N H ^ ]  i s  e x a m i n e d ,  t h e
f r e q u e n c y  o f  t h e  3/ ^  v i b r a t i o n  s h o w s  a  m a r k e d  c h a n g e  
a s  s h o w n  b y  t h e  V  p f  it * r#<lu e n c **el> o b s e r v e d .
L  .  I I .  .  5 0 8  o m T 1
L  -  £ t 2 S -  4 9 3  o m T 1
h  m  O j H 4  *  4 8 1  o m T  1
I n  v i e w  o f  t h e  l a r g e  m a s s  of t h e  p l a t i n u m  a t o m  it i s  
p r o b a b l e  t h a t  t h e  s t r e t c h i n g  f r e q u e n c y  of t h e  P t H N  b o n d  
d o e s  n o t  i n t e r a c t  w i t h  o t h e r  v i b r a t i o n s  i n  t h e  r e m a i n d e r  o f  
t h e  m o l e c u l e .  I t  c a n  t h e r e f o r e  b e  a s s u m e d  t h a t  t h e  J/ p t — n  
v i b r a t i o n  of t h e  P t - H H ^  s y s t e m  c a n  b e  t r e a t e d  a s  t h a t  o f  a n  
e f f e c t i v e l y  d i a t o m i c  m o l e o u l e .  I n  s u c h  a  c a s e  t h e  f r e -  
q u e n o y  V  i s  r e l a t e d  t o  t h e  f o r c e  c o n s t a n t  k  b y  t h e  r e l a t i o n
t M a *  . *i>)*
2 i r
y  .  2------ 2
w h e r e  m ^  a n d  a r e  t h e  m a s s e s  o f  t h e  a t o m s  o o n o e r n e d .
I t  f o l l o w s  t h a t  i f  ) / 1 a n d  V  2  • # #  v i b r a t i o n  f r e ­
q u e n c i e s  o f  t h e  s a m e  g r o u p  i n  t w o  d i f f e r e n t  c o m p l e x e s
* 1  v , 2
'  7 7
I n s e r t i n g  t h e  v a l u e s  q u o t e d  a b o v e  f o r  t h e  V  f r e q u e n o y  
i n  t r o n s - P t ( K H ) 2 0 1 2  a n d  t r a n s - P t  ( N B ^ )  ( O ^ H ^  ) C 1 2  w e  f i n d  t h e  
f o r o e  c o n s t a n t  i n  t h e  l a t t e r  i s  1 0 ^  s m a l l e r  t h a n  t h e  f o r m e r .
T h e  o r d e r  o f  t h e  b o n d  w e a k e n i n g  f o r  t h e s e  g r o u p s  
i s  t h e  s a m e  a s  t h a t  r e p o r t e d  b y  C h a t t ,  D u n e  a n  s o n  a n d  
V e n a n s i 1 0 , b a s e d  o n  t h e  n i t r o g e n - h y d r o g e n  s t r e t c h i n g  f r e ­
q u e n c i e s ,  b u t  t h e  e x t e n t  of t h e  w e a k e n i n g  i s  g r e a t e r  t h a n  
n i g h t  h a r e  b e e n  e x p e c t e d  o n  t h e s e  r e s u l t s .  F o r  t h e  e f f e c t  
o f  r a r i o u s  t r a n s  g r o u p s  o n  t h e  n i t r o g e n - h y d r o g e n  s t r e t c h i n g  
f r e q u e n c i e s  o f  t h e  c o m p o u n d s  t r a n s - [F t  L, p i p e r i d i n e ,  C l ^ J  
i n  d i l u t e  o a r b o n  t e t r a c h l o r i d e  s o l u t i o n  C h a t t  g i v e s  t h e  
f o l l o w i n g  v a l u e s !  h  *  p i p e r i d i n e  3 2 2 2  c m T 1  j L  *  E t ^ S ,
3 2 2 3  c m T 1 | L  m  3 2 3 0  cznT1 , t h e  c h a n g e  i n  t h e  c a s e  o f
b e i n g  a b o u t  0 * 2 7 S h e  b a n d  I n t e n s i t i e s  s u g g e s t  a
r a t h e r  g r e a t e r  d i f f e r e n c e  i n  b o n d  s t r e n g t h s ,  a n d  f o r  t h e
7
s a m e  c o m p l e x e s  t h e  v a l u e s  o f  1 0 f B  a r e  g i v e n  a s  1 *6 8 , 1 * 6 6  
a n d  1 * 5 9  r e s p e c t i v e l y .
S e v e r a l  f a c t o r s  m a y  a e o o u n t  f o r  t h e  l a c k  o f  e x a c t  
c o r r e l a t i o n  b e t w e e n  t h e s e  d i f f e r e n t  m e t h o d s  o f  a s s e s s i n g  
b o n d  s t r e n g t h s ,  t h e  m o s t  o b v i o u s  b e i n g  t h a t  t h e  f i r s t  l i g a n d  
of  t h e  s e r i e s  i n  t h e  w o r k  d e s c r i b e d  h e r e  i s  a m m o n i a ,  w h e r e a s  
C h a t t  a n d  h i s  c o - w o r k e r s  u s e d  p i p e r i d i n e .  I n  a d d i t i o n  
t h e r e  a r e  e f f e c t s  w h i c h  m a y  m o d i f y  t h e  a c t u a l  v i b r a t i o n  
f r e q u e n c i e s  m e a s u r e d !  h y d r o g e n  b o n d i n g  o f  t h e  e x a m i n e s  i n  
t h e  s o l i d  s t a t e  m a y  i n d i r e c t l y  a f f e c t  t h e  v i b r a t i o n  
f r e q u e n c y  d u e  t o  V  ^  b u t  i t  i s  p r o b a b l e  t h a t  t h e  e h a a g e s  
i n  f r e q u e n c y  d u e  t o  t h i s  e f f e c t  a r e  v e r y  s m a l l .  T h e  e f f e c t
w a s  m i n i m i s e d  b y  C h a t t  a n d  h i s  o o - w o r k e r s  b y  t h e  u s e  o f  
d i l u t e  c a r b o n  t e t r a c h l o r i d e  s o l u t i o n s «  I t  h a s  a l s o  b e e n  
s u g g e s t e d  t h a t  t h e r e  i s  a n  i n t e r a c t i o n  o f  t h e  p r o t o n  o f  t h e  
K - H  b o n d  w i t h  a  " d M o r b i t a l  o f  t h e  p l a t i n u m  a n d  t h a t  t h i s  
w i l l  a f f e c t  t h e  a b s o r p t i o n  b a n d  d u e  t o  t h e  V  „  «  v i b r a t i o n .  
T h i s  f a c t o r  w i l l  s t i l l  b e  p r e s e n t  e v e n  i n  d i l u t e  s o l u t i o n .
I t  w o u l d  b e  u s e f u l  t o  o b t a i n  s o m e  q u a n t i t a t i v e
m e a s u r e  of t h e  e f f e o t  i n  t e n s  o f  s t a b i l i t y  c o n s t a n t s  of
t h e  e x a m i n e s  a s  t h i s  w o u l d  i n d i c a t e  t h e  m a g n i t u d e  o f  t h e
e f f e o t  o n  t h e  t e n d e n c y  o f  a n  a m m o n i a  g r o u p  t o  d i s s o c i a t e .
T h e  g r e a t e s t  c h a n g e  i n  t h e  v a l u e  o f  t h e  V  pf-ft * *  f r o m  
- 1  - 1
$ 0 8  c m .  t o  4 8 1  a m .  w h e n  a m m o n i a  la r e p l a c e d  b y  e t h y l e n e  
a n d  r e f e r e n c e  t o  t h e  g r a p h  i n  F i g .  1 4 ,  C h a p .  X, r e l a t i n g  
s t a b i l i t y  c o n s t a n t s  a n d  v i b r a t i o n  f r e q u e n c i e s  i n d i c a t e s  t h a t  
t h e  d i f f e r e n c e  o f  2 7  o m 7 1  s h o u l d  c o r r e s p o n d  t o  a  c h a n g e  i n  
l o g  k  o f  a b o u t  0 * 7 «
T h e s e  c o n s i d e r a t i o n s  s h o w  t h a t  I n  p l a t i n o u s  c o m ­
p l e x e s ,  a l t h o u g h  c h l o r i n e ,  a n d  p r o b a b l y  t h e  n i t r o  g r o u p ,  
d o e s  n o t  e x s r t  a n y  b o n d  w e a k e n i n g  e f f e o t  o n  a  t r a n s  a m m o n i a  
g r o u p ,  o t h e r  g r o u p s ,  n o t a b l y  e t h y l e n e  a n d  t o  a  l e s s e r  
e x t e n t  d i e t h y l  s u l p h i d e ,  d o  h a v e  a n  a p p r e c i a b l e  b o n d  w e a k e n ­
i n g  e f f e c t .  W i t h  t h e  l a t t e r  g r o u p s  t h e  e x t e n t  o f  b o n d  
w e a k e n i n g  i s  s u f f i c i e n t  t o  h a v e  a  s i g n i f i c a n t  e f f e o t  o n  t h e  
t e n d e n c y  o f  t h e  a m m o n i a  g r o u p  t o  d i s s o o i a t e  a n d  i n  t h e
c o n s i d e r a t i o n  o f  s u b s t i t u t i o n  r e a c t i o n  i t  l e  o l e a r  t h a t  t h e  
i n c r e a s e d  t e n d e n c y  t o  d i e s o o i a t i o n  m u s t  h a v e  s o m e  i n f l u e n c e  
o n  t h e  c o u r s e  of t h e  r e a o t i o n ,  t h o u g h  t h e r e  i s  n o  e v i d e n c e  
t h a t  it  i e  t h e  s o l e  o r  c o n t r o l l i n g  f a c t o r  i n  t h e  t r a n a  
d i r e c t i n g  p r o p e r t i e s  o f  l i g a n d s .  I n d e e d  t h e  f a c t  t h a t  
s o m e  l i g a n d s ,  s u c h  a s  c h l o r i n e ,  h a v e  a n  a p p r e c i a b l e  t r a n s  
d i r e c t i v e  p o w e r  w i t h o u t  c a u s i n g  a n y  b o n d  w e a k e n i n g  i n  a  
t r a n a  g r o u p  e h o w e  t h a t  d i s s o c i a t i o n  i s  n o t  e s s e n t i a l  t o  
**** * r a n e  e f f e o t .
I n  t h e  c a s e  o f  p a l l a d o u e  c o m p l e x e s ,  l e s s  c o m p o u n d s  
h a v e  b e e n  e x a m i n e d ,  b u t  i t  d o e s  a p p e a r  t h a t  b o n d  w e a k e n i n g  
°* tije t r a n a  g r o u p  i s  m u c h  m o r e  c o m m o n  t h a n  w i t h  p l a t i n u m ,  
t h o u g h  t h e  p o s i t i o n  i s  c o m p l i c a t e d  b y  t h e  t w o  f r e q u e n c i e s  
w h i c h  a p p e a r  f o r  t h e  o l e  i s o m e r s .  I f  t h e  a v e r a g e  of t h e s e  
t w o  f r e q u e n c i e s  i s  t a k e n  a s  c o m p a r a b l e  w i t h  t h e  s i n g l e  
f r e q u e n c y  o f  t h e  t r i s o m e r ,  t h e r e  i e  a  d i s t i n c t  b o n d  
w e a k e n i n g  e f f e c t ,  e v e n  w i t h  c h l o r i n e  a n d  t h e  n i t r o  g r o u p ,  
w h i c h  a p p e a r  t o  p r o d u c e  n o  w e a k e n i n g  i n  t h e  c a s e  o f  
p l a t i n o u e  c o m p l e x e s .
C H A P T E R  X I I .
V I B R A T I O N A L  F R E Q U S R O I E S  O F  L I G A N D S  O T H E R  T H A N  A M M O N I A .
I n c i d e n t a l  t o  t h e  s t u d y  o f  t h e  aramine c o m p l e x e s  
s e v e r a l  f e a t u r e s  h a v e  b e e n  n o t e d  o o n o e r n i n g  o t h e r  o o o r d l n -  
a t e d  g r o u p s .  T h e s e  h a v e  n o t  g e n e r a l l y  b e e n  e x a m i n e d  i n  
g r e a t  d e t a i l ,  b u t  s o m e  of t h e  f e a t u r e s  o f  i n t e r e s t  i n  t h e m  
a r e  d i s c u s s e d  i n  t h i s  c h a p t e r .
P a r t  I ,  T h e  n i t r o  g r o u p  - N O ^
S p e c t r a  o f  s e v e r a l  c o m p o u n d s  c o n t a i n i n g  t h i s  
g r o u p  h a v e  b e e n  e x a m i n e d ,  m a i n l y  w i t h  a  v i e w  t o  t h e  e x a m ­
i n a t i o n  o f  t h e  p r o p e r t i e s  o f  t h i s  g r o u p  i n  r e l a t i o n  t o  t h e  
t r a n s  e f f e c t  ( C h a p ,  X I ) .  O n e  o f  t h e  m o s t  c h a r a c t e r i s t i c  
f r e q u e n c i e s  o b s e r v e d  i n  t h e s e  c o m p o u n d s  i s  a  s t r o n g  
a b s o r p t i o n  b a n d  n e a r  t h e  r a n g e  5 0 0 - 6 0 0  c m .  a n d  t h e  i n t e r ­
e s t i n g  f e a t u r e  of t h i s  h a n d  i s  i t s  m a r k e d  s e n s i t i v i t y  t o  
t h e  p r e s e n c e  o f  o t h e r  s u b s t i t u e n t s  i n  t h e  c o m p l e x .  F o r  
e x a m p l e ,  i n  t h e  s e r i e s  o f  p a l l a d i u m  I I  n i t r o  a m m l n e s  t h i s  
b a n d  o c c u r s  a t  t h e  f o l l o w i n g  f r e q u e n c i e s i -
[ P 4 ( N 0 2 ) 4 ] 2 -  o i . - P d ( K H j ) 2 ( R O g )g t r a n . - P d ( N H 3 ) 2 ( N ^
550 om“ 1 •* 509 om” 1 490 « a f1
T h i s  i s  i n  m a r k e d  c o n t r a s t  t o  t h e  p l a t i n o u s  a m m l n e s  w h e r e  
t h e  V  „ . „  f r e q u e n c y  o n l y  c h a n g e s  f r o m  511 t o  5 0 8  c m .  ,
r O
lABLB T I
i »  . .? *  J L 1 U 9 . . . g . O t t C A « s « B „ o f  . . . P a U a d l t t t a J I t
P l a t i n u m  I I  a n d  C o b a l t  I I I .
M a i n  a b a o r p t i o a  B a n d s  oi H l t r o  C o n p l « x e s  o i' P a l l a d i u m  II,
P l a t i n u n  I I  a n d  Colaalt I I I ,
1 Aliu 's* VI .
k ^ 9 0 2 ) a t r a n , - P d ( H H : )„(llO„)„ o l a  - P d ( » H 3 ) 2 ( N 0 2 ) 2
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w h e n  g o i n g  f r o m  t h e  t e t r a m m l n e  t o  t h e  d i o h l o r o d i & m m i n e .
I n  o r d e r  t o  e x a m i n e  t h i s  q u e s t i o n  f u r t h e r  s o m e  o t h e r  
m e t a l  n l t r o  c o m p l e x e s  w e r e  e x a m i n e d , a n d  t h e  f r e q u e n c i e s  
o b t a i n e d  a r e  g i v e n  i n  T a b l e  V I ,  a n d  i l l u s t r a t e d  o n  p a g e s  1 3 8  
t o  1 4 0  a t  t h e  e n d  o f  t h i s  s e c t i o n .
T h e  s p e c t r u m  o f  H a ^ t C o i N O ^ ^ J  h a s  b e e n  e x a m i n e d  
p r e v i o u s l y  i n  t h e  r o c k  s a l t  r e g i o n 6 * a n d ,  i n  a d d i t i o n  t o  t h e  
b a n d s  r e c o r d e d  i n  T a b l e  V I ,  a  n u m b e r  o f  w e a k  b a n d s  a t  f r e ­
q u e n c i e s  > 1 5 0 0  c m 7 1 h a v e  b e e n  r e c o r d e d  a n d  a p p e a r  t o  b e  d u e  
t o  o v e r t o n e s  a n d  c o m b i n a t i o n  f r e q u e n c i e s  o f  f u n d a m e n t a l  b a n d s .
I t  i s  m o r e  d i f f i c u l t  t o  a s s i g n  t h e  f r e q u e n c i e s  
w i t h  t h e  n i t r o  c o m p l e x e s  t h a n  w i t h  t h e  a m m i n e s ,  a s  t h e  m a s s  
o f  t h e  n i t r o g e n  a n d  o x y g e n  o f  t h e  g r o u p  a r e  o f t e n  c o m p a r a b l e  
i n  m a s s  t o  t h e  m e t a l  a t o m  c o n c e r n e d ,  a n d  i n t e r a c t i o n  b e t w e e n  
t h e  f u n d a m e n t a l  v i b r a t i o n s  i s  m o r e  l i k e l y .  I h i s  i e  p a r t i ­
c u l a r l y  s o  w h e n  c o b a l t ,  h a v i n g  a n  a t o m i c  w e i g h t  o f  o n l y  5 9 # 
i s  c o n c e r n e d .  F o r  t h i s  r e a s o n  t h e  a s s i g n m e n t  o f  f r e ­
q u e n c i e s  i s  l i k e l y  t o  h e  e a s i e r  i n  t h e  o a s e s  o f  p l a t i n u m  
( a t o m i c  w e i g h t  1 9 5 ) a n d  p a l l a d i u m  ( a t o m i c  w e i g h t  1 0 1 ).
S o m e  i d e a  o f  t h e  a s s i g n m e n t  o f  t h e  f r e q u e n c i e s  o b s e r v e d  c a n  
b e  o b t a i n e d  b y  c o m p a r i s o n  w i t h  t h e  s p e c t r u m  o f  n i t r y l
o h i o r i d e  o n  w h i c h  a  c o m p l e t e  a s s i g n m e n t  o f  f r e q u e n c i e s  h a s  
6 5b e e n  m a d e  , a n d  d e t a i l s  o f  w h i c h  a r e  s u m m a r i s e d  i n  
T a b l e  V I I .
V i o r a t i o n a l  A s s i g n m e n t s  o f  I n f r a r e d  A b s o r p t i o n  B o n d s  i n
H i t r y l  C h l o r i d e .
T A B L E  V I I
V i b r a t i o n
_1
F r e q u e n c y  o n .
» 1
eym
V
9 - 0 1293
i/2 8  i n - p l a n . 794
V3 ^ C l - W 651
V4
*.ym
m ) 1685
V5 8  ci-ii i a - p l f m . 367
V6 8  b a n «  « u t - o f - p l a n . 411
tfhen c h l o r i n e  i s  r e p l a c e d  b y  a  h e a v i e r  m e t a l  a t o m  
a n d  a s s u m i n g  t h e r e  is n o  m a r k e d  c h a n g e  i n  t h e  b o n d  t y p e »  
t h e s e  f r e q u e n c i e s  a r e  e x p e c t e d  t o  b e  m o d i f i e d  a s  f o l l o w s  t- 
y ^ # a n d  s h o u l d  b e  o n l y  a f f e c t e d  r e l a t i v e l y  s l i g h t l y »  
d u e  t o  t h e  r e s t r i c t ! c m  o f  t h e  v i b r a t i o n  o f  t h e  n i t r o g e n  a t o m )  
V 3 , y ^  a n d > / g  w o u l d  all h a v e  t h e i r  f r e q u e n o y  r e d u c e d .  I n  
v i e w  o f  t h e s e  c o n s i d e r a t i o n s  i n  a  m e t a l  n i t r o  c o m p o u n d  t h e  
f r e q u e n o i e s  f o r y ^  e n d y 6  w i l l  l i e  b e l o w  t h e  l i m i t  o f  t h e  
p o t a s s i u m  b r o m i d e  p r i s m  u s e d  ( 4 0 0  o n u 1 ).
W h e n  T a b l e  V I  i s  s x a m i n e d  it  o © n  b s  s e e n  t h a t
t h e r e  a r e  i n  e a o h  c o m p o u n d  f o u r  m a i n  a b s o r p t i o n  f r e q u e n c i e s  
o r  p a i r s  o f  f r e q u e n c i e s • I n  t h e  p l a t i n u m  t e t r a n i t r o
c o m p l e x  t h e r e  i s  a  p a i r  o f  f r e q u e n c i e s  a t  1 4 4 2  a n d  1 4 1 6  c m T 1  
a n d  a  p a i r  a t  1 3 9 5  a n d  1 3 5 0  c m T 1 , a n d  t h e s e  c a n  b e  d e a r l y  
a s s i g n e d ,  b y  c o m p a r i s o n  w i t h  T a b l e  V I I ,  a s  )/ ^  a n d  y   ^
r e s p e c t i v e l y ,  t h e  s y m m e t r i c a l  a n d  a s y m m e t r i c a l  n i t r o g e n *  
- o x y g e n  s t r e t c h i n g  v i b r a t i o n s .  T h e s e  a r e  m u o h  c l o s e r  i n  
f r e q u e n c y  t h a n  i n  n i t r y l  c h l o r i d e ,  w h e r e  t h e  s e p a r a t i o n  i s  
3 9 2  o & 7 1 , b u t  t h i s  e f f e c t  w o u l d  b e  e x p e c t e d  w h e n  t h e  c h l o r i n e  
a t o m  i s  r e p l a c e d  b y  a  h e a v i e r  m e t a l  a t o m ,  T h e  d o u b l i n g  of 
t h e  f r e q u e n c i e s  i s  p r o b a b l y  d u e  t o  t h e  s t e r i o  i n t e r a c t i o n  
o f  t h e  a d j o i n i n g  n i t r o  g r o u p s .  A  m o d e l  of t h i s  c o m p o u n d ,  
a s  f a r  a s  p o s s i b l e  t o  s c a l e ,  s h o w e d  t h a t  c o n s i d e r a b l e  i n t e r *  
a c t i o n  o f  t h e  n i t r o  g r o u p s  w o u l d  i n  f a c t  t a k e  p l a c e .
T h e  a s s i g n m e n t  o f  t h e  l o w e r  f r e q u e n c i e s  i s  m u o h  
l e s s  c e r t a i n .  F o r  e x a m p l e ,  w i t h  t h e  f r e q u e n c y
a s s i g n e d  t o  R  e o u l d  b e  e i t h e r  8 2 8  o a T 1  o r  t h e  d o u b l e
p e a k  a t  6 3 H a n d  6 0 5  o i .  , t h o u g h  t h e  f o z m e r  s e e m s  l a r g e r  
t h a n  w o u l d  b e  e x p e c t e d  i n  c o m p a r i s o n  w i t h  t h e  v a l u e s  f o r  
t h e  f r e q u e n c y  f o u n d  f o r  t h e  amraine c o m p l e x e s .  I t  w o u l d  
b e  p o s s i b l e  f o r  a  r e v e r s a l  o f  t h e  e x p e c t e d  o r d e r  o f  t h e s e  
t w o  f r e q u e n c i e s  t o  t a k e  p l a c e  i f  t h e  n i t r o g e n  a t o m  is 
b o n d e d  t o  t h e  m e t a l  b y  a  d o u b l e  b o n d ,  w h i c h  c o u l d  a r i s e  b y  
* b & o k  c o o r d i n a t i o n "  o f  " d ” e l e c t r o n s  o f  t h e  m e t a l  t o  t h e  
n i t r o g e n s  t h i s  h a s  a l r e a d y  b e e n  s u g g e s t e d  t o  a c c o u n t  f o r
t h e  t r a n s  d i r e c t i v e  e f f e c t  o f  s o m e  l i g a n d s *  T h e  t w o  
e x t r e m e  t y p e s  o f  b o n d i n g  c a n  b e  r e p r e s e n t e d  a s  f o l l o w s t
0  0
/  /
(a) M  *  (b) * = *
\
0  0
I t  f o l l o w s  t h a t  i n  t h e  t r a n s i t i o n  f o r m  (a) t o  (b) t h e  
s t r e n g t h e n i n g  o f  t h e  If— K  b o n d  w i l l  b e  m a t c h e d  b y  a  c o r r e ­
s p o n d i n g  w e a k e n i n g  of t h e  R~0 b o n d *  I f  t h e  b o n d i n g  i n  
R O ^ O l  i s  o f  t h e  t y p e  (a )  w h e r e  t h e  f r e q u e n c y  V  2 > y  y  
i t  w o u l d  b e  p o s s i b l e  f o r  t h i s  o r d e r  t o  b e  r e v e r s e d # i n  
s p i t e  of t h e  m a s s  a f f e c t ,  i f  t h e  b o n d i n g  c h a n g e d  a p p r e c i ­
a b l y  t o  t y p e  ( b ) .
I h e r e  s e e m s  n o  c e r t a i n  w a y  o f  d i s t i n g u i s h i n g  t h e s e  
f r e q u e n c i e s *  t h o u g h  i t  s e e m s  l i k e l y  t h a t  t h e  h i g h e r  f r e ­
q u e n c y  ( n e a r  8 0 0  o m T 1 ) i s  t h e  V  y  a s  t h e  c o m p a r a t i v e l y  
h i g h  f r e q u e n c y  o f  t h i s  b o n d  w o u l d  i m p l y  c o n s i d e r a b l e  d o u b l e  
b o n d i n g  of  t h e  t y p e  s h o w n  i n  ( b ) i  t h i s  w o u l d  c a u s e  a  
c o n s i d e r a b l e  w e a k e n i n g  o f  t h e  tf- 0  b o n d s  a n d  a c c o u n t  f o r  t h e  
l o w e r i n g  i n  f r e q u e n c y  y  ^ f r o m  7 9 4  c m T *  i n  n i t r y l  c h l o r i d e  
t o  t h e  f r e q u e n c y  i n  t h e  r e g i o n  6 0 0 - 6 5 0  c n u  1 ( o f t e n  d o u b l e t )
f o u n d  f o r  t h e  m e t a l  n i t r o  c o m p o u n d s .  I h i s  a s s i g n m e n t  o f
f r e q u e n c i e s  V  % &rx*  V  j i «  s u p p o r t e d  b y  t h e  c h a n g e s  i n
v a l u e  o f  t h e  l o w e r  f r e q u e n c i e s  i n  t h e  s e r i e s  o f  p a l l a d i u m  
n i t r o a m m l n e s  s h o w n  i n  l a b l e  V I I *  I f  t h e  l o w e r  t w o
f r e q u e n c i e s  a r e  c o n s i d e r e d ,  it  i s  s e e n  t h a t  t h e  a v e r a g e  
v a l u e  o f  t h e s e  d e c r e a s e s  i n  t h e  o r d e r
t P d ( H 0 2 ) 4 ] 2 ’ > t M n e - P d ( H H 3 ) 2 ( H 0 2 )2j o i —  P d t K H - ^ t H O ^
5 7 4  • 5 5 4  5 8 6  4 9 0  5 0 9  4 5 7
T h i s  i n d i o a t 6 b t h a t  t h e  b o n d  b e c o m e s  p r o g r e s s i v e l y  w e a k e r  i n  
t h e  s a m e  o r d e r *  T h e r e  s e e m s  n o  r e a s o n  w h y  t h i s  s h o u l d  b e  
s o  i f  t h e  f r e q u e n c y  c o n c e r n e d  i s  t h e  F t — s t r e t c h i n g  
f r e q u e n c y *  V  y  b u t  t h e r e  i s  a  s i m p l e  e x p l a n a t i o n  i f  i t  i s  
d u s  t o  t h s  i n - p l a n s  b o n d i n g  v i b r a t i o n ,  V  ^ . T h e  d e g r e e  of 
d o u b l e  b o n d i n g  o f  t h e  n i t r o g e n  t o  m e t a l  i n  a  c o m p l e x  s h o u l d  
b e c o m e  s m a l l e r  w i t h  t h e  i n c r e a s i n g  n u m b e r  o f  n i t r o  g r o u p s *  
a s  t h e r e  w i l l  b e  l e a s  e l e c t r o n s  o f  t h e  m e t a l  a v a i l a b l e  f o r  
" b a c k  o o o r d i n a t i o n M | f u r t h e r m o r e  t h e r e  w i l l  b e  l e s s  d o u b l e  
b o n d i n g  w h e n  t h e r e  a r e  t r a n e  n i t r o  g r o u p s  t h a n  w h e n  t h e  
n i t r o  g r o u p  i s  t r a n a  t o  a m m o n i a *  T h i s  w i l l  m e a n  i n  t h i s  
s e r i e s i  o l » - P d ( i r a 3 ) w i l l  s h o w  t h e  m o s t  d o u b l e
b o n d i n g  o f  t h e  P d — H O ^  b o n d ,  a n d  t h e r e f o r e  t h e  s t r o n g e s t  
b o n d i n g *  a n d  [ P d ( h O ^ ) ^ ] ^ *  t h e  l e a s t .  A n y  i n c r e a s e  i n  t h e  
b o n d  s t r e n g t h  o f  t h e  Pt«4f b o n d  d u e  t o  t h i s  c a u s e  w i l l  b e  
a o o o a p a n i e d  b y  a  d e c r e a s e  i n  t h e  s t r e n g t h  o f  t h e  H — 0  b o n d  
a n d  i t  f o l l o w s  t h a t  t h e  o r d e r  o f  t h e  f r e q u e n c i e s  o b s e r v e d  
w o u l d  be  t h a t  e x p e c t e d  f o r  a  $ — 0  b o n d  v i b r a t i o n *
T h u s *  w h i l e  t h e r e  a r e  i n d i c a t i o n s  t h a t  t h e  l o w e r  
t w o  f r e q u e n c i e s  a r e  p o s s i b l y  d u e  t o  6  jj_q i n - p l a n e *  V  -
a n d  t h e  h i g h e r  f r e q u e n c y  n e a r  8 0 0  c m 7 1 i e  d u e  t o  t h e  
m s t a l - n i t r o g e n  s t r e t c h i n g  f r e q u e n c y *  V  y  t h e r e  i s  i n s u f f i - 
o i e n t  e r i d e n o e  t o  r e g a r d  t h e  q u e s t i o n  a s  p r o v e d *  I t  i s  
n o t  e v e n  c e r t a i n  t h a t  t h e  t w o  l o w e r  f r e q u e n c i e s  a r e  d u e  t o  
t h e  s a m e  f u n d a m e n t a l  v i b r a t i o n *  t h o u g h  i t  w o u l d  b e  s u r p r i s i n g  
i f  t h e  m a s s  e f f e c t  o f  t h e  p l a t i n u m  a n d  p a l l a d i u m  a t o m s  
w o u l d  p e r m i t  a n  i n o r  e a s e  i n  f r e q u e n c y  o f  y  ^  o r  V  ^ a s  c o m ­
p a r e d  w i t h  n i t r y l  c h l o r i d e  t o  t h e  v a l u e  o b s e r v e d  f o r  t h e s e  
f r e q u e n c i e s *
T h e  a s s i g n m e n t  o f  f r e q u e n c i e s  c a n  t h e r e f o r e  b e  
s u m m a r i s e d  a s  f o l l o w s t
A p p r o x i m a t e  f r e q u e n c y  A s s i g n m e n t
b e t w e e n  1 4 5 0  e m l 1  a n d )  t w o  b a n d s  o r  p a i n  o f  b a n d s  d u e  t o
) v  aByxa v i  syEi 
1 3 0 0  c m .  ) y  Krs and V
n e a r  8 0 0  o m T 1
b e t w e e n  6 5 0  o m T 1 )
N O  NO
t o  b e  a s s i g n e d  t o  S  jj q i n - p l a n e  
a n d  V  ( l o w e r  f r e q u e n c y
i ) t w o  b a n d s  
a n d  4 5 0  o m T 1 )
c o u l d  b e  d u e  t o  £  M  m  o r
o u t - o f - p l a n e  b e n d i n g  v i b r a t i o n )
T h e  a l t e r n a t i v e  a s s i g n m e n t s  o f  t h e  l o v e r  f r e q u e n c i e s  c o u l d  
o n l y  b e  d e c i d e d  b y  e x t e n d i n g  t h e  e x a m i n a t i o n  o f  t h e  c o m ­
p o u n d s  t o  b e l o w  4 0 0  o m T 1  i n  o r d e r  t o  c o m p l e t e  t h e  i d e n t i f l -  
o a t i o n  o f  t h e  f u n d a m e n t a l  v i b r a t i o n .  I n  s p i t e  of t h e  
i n c o m p l e t e  a s s i g n m e n t  o f  t h e  f r e q u e n c i e s *  t h e  r e s u l t s  
o b t a i n e d  d o  g i v e  c o n s i d e r a b l e  s u p p o r t  f o r  t h e  i d s a  of
d o u b l e  b o n d i n g  o f  t h e  n i t r o  g r o u p  t o  t h e  m e t a l  i n  t h e s i  
c o m p o u n d ® ,  a s  t h e r e  s e e m s  n o  o t h e r  w a y  t o  a c c o u n t  f o r  t h e  
h i g h e r  f r e q u e n c i e s  o b s e r v e d  c o m p a r e d  w i t h  t h o s e  o f  n i t r y l  
c h l o r i d e ,  p a r t i c u l a r l y  a s  t h e  g r e a t e r  m a s a  o f  t h e  m e t a l  
a t o m s  c o m p e r e d  w i t h  c h l o r i n e  w o u l d  g e n e r a l l y  l e a d  t o  
l o w e r  f r e q u e n c y  vibrations.
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S p a t i a l  a r r a n g e m e n t  o f  a t o m s  i n  [ C 2H 4 P t C l 3] ~ .
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( T h e  p l a n e  o f  t h e  h y d r o g e n  a t o m s  i s  p a r a l l e l  
t o  t h e  p l a n e  C T Z C l 3 b u t  p r o b a b l y  d i s p l a c e d  
s l i g h t l y  f r o m  c o - p l a n a r i t y  w i t h  t h e  c a r b o n  
a t o m s  b y  t h e  r e p u l s i o n  o f  t h e  h y d r o g e n  
a t o m s  b y  t h e  p l a t i n u m  a t o m . )
O r b i t a l s  u s e d  i n  t h e  c o m b i n a t i o n  o f  e t h y l e n e
w i t h  p l a t i n u m .
A B
X T -T y p e  b o n d i x - T y p e  b o n d
Reproduced from the Journal of the Chemical Society 1953,
T h e  e f f e c t  o f  o o o r d l n & t i o n  t o  a  m e t a l  i o n  o n  t h e  
c h a r a c t e r i s t i c  v i b r a t i o n  f r e q u e n c i e s  o f  e t h y l e n e  i s  o f  s o m e  
i n t e r e s t  i n  v i e w  o f  t h e  u n u s u a l  n a t u r e  o f  t h e  b o n d i n g  o f  t h i s  
g r o u p .  X r a y  d i f f r a c t i o n  s t u d i e s  h a v e  s h o w n  t h a t  t h e  e t h y l e n e  
m o l e c u l e  i s  c o o r d i n a t e d  p e r p e n d i c u l a r  t o  t h e  p l a n e  o f  s y m m e t r y  
o f  t h e  b o n d i n g  o r b i t a l s  o f  t h e  p l a t i n u m  a t o m  a s  s h o w n  i n  P i g .  
1 $ .  T h e  n a t u r e  of t h e  b o n d i n g  h a s  b e e n  d i s c u s s e d  b y  C h a t t  
a n d  D u n e a n s a n * ^ ,  b u t  n o  d e t a i l e d  B t u d y  o f  t h e  a b s o r p t i o n  
f r e q u e n c i e s  h a s  b e e n  m a d e .  I t  i s  s u g g e s t e d  t h a t  t h e  e t h y l e n e
i s  a t t a c h e d  t h r o u g h  a  <S b o n d  u s i n g  t h e  T f  e l e c t r o n s  o f  t h e
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e t h y l e n e  d o u b l e  b o n d  a n d  d s p  h y b r i d  o r b i t a l s  o f  t h e  p l a t i n u m ,  
a n d  t h a t  a  s e e  e n d  b o n d  i s  f o r m e d  u s i n g  " d "  o r b i t a l s  o f  t h e  
p l a t i n u m  w i t h  a n  a n t i b o n d i n g  o r b i t a l  of t h e  e t h y l e n e .  T h e s e  
o r b i t a l s  a r e  a l s o  s h o w n  i n  F i g *  1 5. T h e  e v i d e n c e  f o r  t h e  
d o u b l e  b o n d  c h a r a c t e r  o f  t h e  e t h y l e n e - p l a t i n u m  b o n d  c o m e s  
m a i n l y  f r o m  d i p o l e  m o m e n t  m e a s u r e m e n t s ,  w h i c h  i n d i c a t e  a  
s m a l l e r  m o m e n t  t h a n  w o u l d  b e  e x p e c t e d  f o r  a  s i m p l e  c o o r d i n a t e  
l i n k  a n d  s u g g e s t  t h a t  t h e  d i p o l e  o f  t h i s  b o n d  i s  b a l a n c e d  b y  
t h e  b a c k  c o o r d i n a t i o n  f r o m  t h e  p l a t i n u m  Md H e l e c t r o n s .
I n  o r d e r  t o  c o n s i d e r  t h e  e f f e o t  o f  c o o r d i n a t i o n  o n  
t h e  c h a r a c t e r i s t i c  e t h y l e n e  f r e q u e n c i e s  i t  i s  f i r s t  n e c e s s a r y  
t o  o o n s i d e r  t h e  f u n d a m e n t a l  v i b r a t i o n s  of  t h e  e t h y l e n e  i t s e l f  
w h i c h  h a v e  b e e n  c o m p l e t e l y  a s s i g n e d  t o  t h e  c o r r e s p o n d i n g
P a r t  I I .  S t h y l e n e  C o m p l e x « » .

F  I G ,  1 6
F U N D A M E N T A L  V I B R A T I O N S  O F  E T H Y L E N E
> . ' * Ä  t ]
XABJUE V i l i »
F u n d a m e n t a l  T i t r a t i o n  F r e q u e n c i e s  t o r  S t b y l e n e  ( c m

a b s o r p t i o n  b e n d s  i n  t h e  K a m a n  a n d  i n f r a r e d  s p e c t r a .
i k e  f u n d a m e n t a l  v i b r a t i o n s  o f  t h e  e t h y l e n e  m o l e -
o u l e  a r e  s h o w n  i n  F i g .  1 6  a n d  t h e  v a l u e s  of t h e  v i b r a t i o n
f r e q u e n c i e s  o b s e r v e d  a r e  s h o w n  i n  f a b l e  V I I I ,  w h i c h  i s
t a k e n  f r o m  t h e  r e v i e w  o f  i n f r a r e d  s p e c t r a  o f  o l e f i n e e  b y
6 6S h e p p a r d  a n d  S i m p s o n  * f h e  n e x t  p r o b l e m  i s  t o  e x a m i n e  
t h e  e x p e c t e d  e f f e c t  o f  t h e e ©  f r e q u e n c i e s  of t h e  c o o r d i n ­
a t i o n  o n  t h e  m e t a l  i o n .  I n  s e v e r a l  o a s e s  t h e  s p e c t r a  of 
t h e s e  c o m p o u n d s  w e r e  o n l y  e x a m i n e d  b e l o w  2000 cm. , a n d  s o
. 4
t h e  C~H s t r e t c h i n g  f r e q u e n c i e s  n e a r  3000 cm. h a v e  n o t  b e e n  
c o n s i d e r e d .
I h e  O - C  s t r e t c h i n g  f r e q u e n c y  a t  1 6 2 3  c m ! 1  ( >  
i s  e x p e o t e d  t o  b e  r e d u c e d  i n  f r e q u e n c y  a s  t h e  r e m o v a l  o f  
t h e  Tf e l e c t r o n s  w i l l  t e n d  t o  b r i n g  t h e  b o n d  o l o s e r  t o  t h a t  
o f  a  s i n g l e  b o n d .  I n  a d d i t i o n ,  t h e  f r e q u e n o y  w h i c h  i n  e t h y  
l e n e  i s  o n l y  R a m a n  a c t i v e  m a y  b e c o m e  w e a k l y  i n f r a r e d  a c t i v e  
a s  w e l l ,  o w i n g  t o  t h e  d i s s y m m e t r y  i n t r o d u c e d  i n  t h e  m o l e c u l e  
f h e  G E ^  i n - p l a n e  b e n d i n g  v i b r a t i o n s  V  ^ a n d  V  ^  
a r e  e x p e c t e d  t o  c h a n g e  o n l y  s l i g h t l y  i n  f r e q u e n o y ,  b u t  b o t h  
s h o u l d  b e c o m e  i n f r a r e d  a c t i v e  a s  w e l l  a s  R a m a n  a c t i v e .
f h e  C U 2  r o o k i n g  f r e q u e n c i e s  V  g a n d  W  w o u l d  b e  
e x p e o t e d  to be I n c r e a s e d  b u t  t h e  R a m a a  a e t i v e  f r e q u e n o y  V  g 
s h o u l d  n o t  b e  i n f r a r e d  a c t i v e .
GH w a g g i n g  f r e q u e n c i e s  V  g  a n d  V  -  a r c  b o t h
e x p e c t e d  t o  r i s e  i n  f r e q u e n c y  a n d  b e c o m e  i n f r a r e d  a c t i v e .
T h e  C H ^  t o r s i o n  V  ^  s h o u l d  i n c r e a s e  i n  f r e q u e n c y  
b u t  r e m a i n  o n l y  R a m a n  a c t i v e }  i n  a d d i t i o n  a  n e w ,  i n f r a r e d  
a c t i v e ,  t o r s i o n a l  m o d e  s h o u l d  a r i s e  w h i c h  o n l y  o o o u r s  i n  
e t h y l e n e  i t s e l f  a s  a  t r a n s l a t i o n a l  m o d e  o f  v e r y  l o w  f r e q u e n c y
w h i c h  h a s  a  s i m i l a r  s y m m e t r y  t o  t h e  e t h y l e n e  b o n d e d  t o  
p l a t i n u m  a s  f a r  a s  t h e  ( p H ^ C H ^  j g r o u p  i s  c o n c e r n e d ,  a s  s h o w n  
b y  t h e  d i a g r a m  b e l o w
C l e a r l y  t h e  r i n g  d e f o r m a t i o n ,  s k e l e t a l  v i b r a t i o n s  of e t h y l e n e  
s u l p h i d e  w i l l  h a v e  n o  e x a c t  c o u n t e r p a r t  i n  t h e  c a s e  o f  t h e  
p l a t i n u m  e t h y l e n e  c o m p l e x ,  a n d  w i l l  b e  r e p l a c e d  b y  d i r e c t  
p l a t i n u m - e t h y l e n e  s k e l e t a l  v i b r a t i o n s .  I n  t h e  d i a g r a m  
o v e r l e a f  t h e  c o r r e s p o n d i n g  v i b r a t i o n s  o f  e t h y l e n e  a n d  
e t h y l e n e  s u l p h i d e  a r e  c o m p a r e d ,  t h e  f r e q u e n c i e s  a n d  t h e i r  
v i b r a t i o n a l  a s s i g n m e n t  b e i n g  t a k e n  f r o m  t h e  p a p e r  b y  
T h o m p s o n  a n d  C a v e . 6 7
e o m p a r e d  w i t h  t h o s e  o f  c o o r d i n a t e d  e t h y l e n e .  T h e  c o m p o u n d s  
e x a m i n e d  a n d  t h e  m a i n  a b s o r p t i o n  f r e q u e n c i e s  o b s e r v e d  b e l o w
T h e s e  e f f e c t s  c a n  b e  s h o w n  f o r  e t h y l e n e  s u l p h i d e .
C H
2
OH
T h e  f r e q u e n c i e s  o b s e r v e d  i n  t h i s  c a s e  c a n  n o w  b e
1 4 7 .
1 5 0 0
1 4 0 0
1 3 0 0
1 2 0 0
1 1 0 0
1 0 0 0
9 0 0
8 0 0
7 0 0
6 0 0
5 0 0
4 0 0
R  »  Hacían a c t i v a  I R  «  I n f r a r a d  a c t i v a
• *
A b s o r p t i o n  F r e q u e n c i e s  o b s e r v e d  f o r  
E t h y l e n e / P l a t i n u m  C o m p l e x e s #
T A B L E  I X
Absorption ^retmonoioa 0ImemtV. for
i * *  ^/■’ "'»* S* >‘  :! y-*,. X»T»/Kt<tï J« **( ,4"._ -tS.f\ ’'**>*''■' c<i'í~, J  •» «'»i/1 **',}•» »•*. V rf-O-n :y*. 51- Al f J1 ''t »1 > Í. ’* r*£
•-.. fiilthylone/Platinma Complexes*«
t r u i e  . ? t ( ü 2 H 4 ) . ( æ ï 3 ) 0 2 p  ’ ( t ) , K 2 [ P t ( 0 ? H 4 ) Q l 3 3 l ? 0  ( 2 )  .
. ... 1 6 1 0  a ,  (M H ß  )  • - ' : 1 6 1 2  e - ,  ' ( H 2 0 )  ;
1 5 2 0  V.’ .  '".; 1 5 1 5  :w .  ■ ■ ■■;■;■; :'
( 1 4 3 0 )  1 4 2 2  s . 1 4 2 5  s .  ■ .■■,/ • ? • ; '  ' ?
> • , *1
. 1 3 0 0  V .V 7 .
1 2 6 ?  1 2 5 5  s .  - ( m j . . 1 2 4 0  a  : ' ' ■ • ' " :' 
••'■ •••.'. .•■■.. 1 1 7 9  w .
1 0 2 3  1 0 1 0  e . . , . 1 0 2 2  1 0 1 0  e ,  ' ;  ;
9 0 0  v . v . vì 9 7 5  v . x i .  ' .
8 1 8  m .  "  ! V ' ' : ; ; ’. ; ; / i . í ? i 8 ; h .  . '■
Y 3 5  £ u  • . : , ¿ ( M n ) 3 . -  
. .  , 6 9 1  m .
6 1 7  a .
,.;. .. ' •'./ .
■ ." ■•■■■• 5 5 0 3
3 b r o a d  v . s .  ( H , , 0 )  
- . :  5 0 0 )  , . • . . • • á
4 8 0 . w ,  ( H H . )
■• ’ ? 3 8 5  ■ ••■’ ■: ':... . ■ ■ : 4 0 5  .i ä ,  " -,
; * , , ‘ «. . - >*,
üïhese rjpootra worcr obt&Lneû. taping less' oónoéutratect 
Hujol ínullo ,tium tlioBO uaed f or the a m ó  oo^pomâB; 
ia ó ono :U1 eration of. t ha i/raap off eoi? f 0 h&pt e r  '
T A B L K  I X  ( c o a t ' d )
A b s o r p t i o n  F r e q u e n c i e s  o b s e r v e d  f o r  
B t h y l e n e / P l a t i n u i a  C o m p l e x e s .
I X  ( c o n t ' d )
t r » n «  l,t ( C 2 H 4 ) ( C H 3 ) 3 H C l 2  (3) [ p t i C j H ^ C l ^  ( 4 )
1 4 9 5  w .  
1 4 T 4  o.
1 2 8 3 1 3 »
1 4 7 7  s.
1 5 0 6  t . w .  
1 4 2 8  ( 1 4 1 6 )  a.
1 4 4 4 }
1 4 3 3 )
1 4 1 2 )  t . w .  
1 3 6 0 )
1 3 3 5 )
1 4 5 7  8 . 
1 4 4 2  a .  
1 4 0 0  « .
1 2 6 4  1 2 5 2  w . 1 2 7 0  a . 1 2 3 6  1 2 1 7  w .
1 1 7 3  w . 1 1 8 5  8 . 1 1 7 5  w .
1 1 3 1  *». 1 1 0 3  a . 1 0 2 7  s.
1 0 4 8  a . 1 0 4 3  T . 8 . 9 7 1  T . W .
9 7 5  a . 6 1 8  m .
9 2 3  w .
8 6 0  1 . 8 2 5  s.
7 5 0  w . 7 2 0  w .
N o t ■ i n v e s t i g a t e d  I n p o t a s s i u m  b r o m i d e
r e g i o n •
1 5 0 .
2 Q C Q  e » u 1  a r e  c o n t a i n e d  i n  * a b l e  ÎK ,  e n d  u r i  i l l u s t r a t e d  o n
p a g e  1 5 4  a t  t h e  « a d  ai t h i s  » « a t i w .  i i t l g a i ß a t s  o f  
f r e q u e n c i e s  of  g r o u p e  p r e s e n t  o t h e r  t h r u  e t h y l e n e  a r o  
i n d i c a t e d  a l o n g s i d e .  I f  t h e  v i b r a t i o n  c h a r a c t e r i s t i c s  of  
t h e  p l e t i n u n * e t h y l a a e  c o m p l e x e s  a r e  r e g a r d e d  h o  i n t e r c o d i a t o  
b e t w e e n  t h a e *  o f  e t h y l e n e  a n d  e t h y l e n e  o u i  p h i  d o  it« s h e w n  b y  
t h e  v a r t i o & l  l i n e o  I B  e n d  C D  m a n y  o f  t h e  a b s o r p t i o n  f r o *  
t u o n a l o *  o b s e r v e d  i n  t h e  c o m p l e x « «  a s m  b o  o s e l g n s d  t o  
f u n d a m e n t a l  v i b r a t i o n * .
O M j p O B j  s t r e t o b l n g  { * * 3 ) t h i s  f r e q u e n c y  h a s  m o  c o u n t e r p a r t  
I n  t o o  v i b r a t i o n *  o f  e t h y l e n e  s u l p h i d e  < n d  I n  e t h y l e n e  i t  l o  
o n l y  M o m e a  a c t i v e .  i n  t h e  e t h y l e n e  o o m p l e x e e  t h *  d i s t o r t i o n  
o f  t h o  m o l e c u l e  b y  c o o r d i n a t i o n  m a y  c m u e e  i t  t o  b o  w e a k l y
a c t i v e  I n  t h o  i n f r a r e d  a n d  t h e r e  1 «  i n  f o o t  *  v e r y  w e a k
♦  1a b s o r p t i o n  n e a r  1 5vG eau i n  a l l  t h e  e p e o t r a  ox*m i n e d ,
( 1 )  1 5 2 0 ,  ( 2 ) 1 5 1 5 ,  (3) 1 5 * 6 ,  (4) 1 4 9 5 ,  ffcaaa a r o  i n  t h o  
e x p e c t e d  f r e q u e n c y  r e g i o n  s o  t h o  c o r r e s p o n d i n g  i n f r a r e d
a c t i v o  f r e q u e n c y  i n  p r o p y l e n e  e c m p l e x o n  0 0 o u r *  a t  1 5 0 4  o * ? 1
t h e s e  v t t l u e e  c o m p a r e  « i t i  t h o  v & l u e e  T o r y  i n  o t h y l o n o
i t o o l f  ( I 6 2 3  o n ? 1 ) m l  t h o V  i n  o t t o n o  o f  9 9 3  o n ? 1  ( S a m o a ) .
I h o  t r e n d  of t h i s  f r e q u e n c y  t o *  o r d e  t h a t  o f  *  s i n g l e  b o n d  
f r e q u e n c y  w o u l d  b e  e x p e e t e d  on t h e  b e a l e  o f  t h e  p a r t i a l  
c o o r d i n a t i o n  t e  t h è  p l a t i n a n  o f  t h o  I T  o l o o t r e n o  o f  t h o  
d o u b l e  b o n d .
G H ^  b e n d i n g  ( a n d  T h e s e  v i b r a t i o n s  f o r  e t h y l e n e
a n d  e t h y l e n e  s u l p h i d e  s h o w  o n l y  s m a l l  d i f f e r e n c e s  i n  f r e q u e n c y  
( s e e  p a g e  1 4 7 )* I t  i s  c l e a r  t h a t  t h e  a b s o r p t i o n  n e a r  1 4 0 0  c m ?  
f o u n d  f o r  a l l  t h e s e  c o m p l e x e s  c a n  b e  a s s i g n e d  t o  t h e s e  
v i b r a t i o n s .  T h e  a s y m m e t r i c « !  a n d  s y m m e t r i c a l  v i b r a t i o n  f r e ­
q u e n c i e s  a r e  m u c h  c l o s e r  t h a n  I n  e i t h e r  e t h y l e n e  o r  e t h y l e n e  
s u l p h i d e  • A a  t h e  g  a n d  g  f r e q u e n c i e s  a r e  r e v e r s e d  
i n  v a l u e  f o r  t h e s e  t w o  c o m p o u n d s ,  t h i s  e f f e c t  w o u l d  b e  e x p e o t e d  
i f  t h e  b o n d i n g  i n  t h e  e t h y l e n e - p l & t l n u m  c o m p l e x e s  i s  r e g a r d e d  
a s  I n t e r m e d i a t e  b e t w e e n  t h a t  o f  e t h y l e n e  a n d  e t h y l e n e  s u l p h i d e  
( s e e  p a g e  1 4 7 ) «  T h e  f r e q u e n c i e s  o b s e r v e d  a r e  s i m i l a r  f o r  t h e  
c o m p o u n d s  e x a m i n e d ,  n a m e l y ,  ( 1 ) ( 1 4 3 0 )  1 4 2 2 ,  ( 2 ) 1 4 2 5 ,  ( 3) 
u n c e r t a i n ,  d u e  t o  a b s o r p t i o n  o f  t r i m e t h y l  a m i n e ,  ( 4 ) 1 4 2 8  1 4 1 6 .
w a g g i a g  ( v  q a n d  y  ^ ) . T h e  t w o  n a r r o w l y  s e p a r a t e d  
f r e q u e n c i e s  o b s e r v e d  f o r  e t h y l e n e ,  o n e  R a m a n  a c t i v e  a n d  t h e  
o t h e r  i n f r a r e d  a c t i v e ,  h a v e  i n c r e a s e d  f r e q u e n c i e s  i n  e t h y l e n e  
s u l p h i d e  a n d  b o t h  b e c o m e  i n f r a r e d  a c t i v e .  T w o  f r e q u e n o i e s  
a r e  a l s o  o b s e r v e d  i n  t h e  e t h y l e n e  c o m p l e x e s  n e a r  1 0 0 0  o m T 1 , 
t h o u g h  t h e  t w o  a b s o r p t i o n  b a n d s  a r e  n o t  c o m p l e t e l y  r e s o l v e d § 
t h e  f r e q u e n o i e s  a r e  a s  f o l l o w s :  ( 1 ) ( 1 0 2 3 )  1 0 1 0 , ( 2 ) 1 0 2 3  1 0 1 1
(3) 1 0 4 8  o r  9 7 5 ,  (4) 1 0 2 7 .  I n  t h e  t r l m e t h y l a a i n e  c o m p l e x  i t  
i s  n o t  c e r t a i n  w h i c h  o f  t h e  t w o  f r e q u e n o i e s  i s  d u e  t o  
t r i m e t h y l a m i n e  •
Q H ^ r o o k i n g  ( i f  c a n d  V  1 Q ). T h e s e  f r e q u e n o i e s  a r e  w i d e l y
s e p a r a t e d  i n  e t h y l e n e  w i t h  f r e q u e n c i e s  o f  1 2 3 6  ( R a m a n )  a n d  
8 1 0  ( I n f r a r e d ) ,  o f  t h e s e  o n l y  t h e  l a t t e r  i s  i n f r a r e d  a c t i v e  
i n  e t h y l e n e  s u l p h i d e . A m o n g  f r e q u e n c i e s  t o  h e  a s s i g n e d  i n
t h e  e t h y l e n e  o o m p l e x e s  i s  a  r a t h e r  w e a k  a b s o r p t i o n  h a n d  b e t w e e n  
1 2 0 0  a n d  1 2 5 0  c m ? 1 , b u t  i t  s e e m s  u n l i k e l y  t h a t  t h i s  i s  d u e  t o  
t h e  I n f r a r e d  a c t i v e  r o o k i n g  v i b r a t i o n ,  y  1 0 , a s  t h e  c o r r e s ­
p o n d i n g  f r e q u e n c y  i n  e t h y l e n e  s u l p h i d e  i s  o n l y  i n c r e a s e d  t o  
9 4 5  o m ? 1  a n d  it i s  p r o b a b l e  t h a t  i t  i s  t h e  n o r m a l l y  R a m a n  
a o t i v e  r o o k i n g  v i b r a t i o n  V  T h e  a s s i g n m e n t  o f  t h e  i n f r a r e d
a c t i v e  f r e q u e n c y ,  i s  a  d i f f i c u l t  p r o b l e m  a n d  m u s t  b e
c o n s i d e r e d  i n  r e l a t i o n  t o  t h e  r e m a i n i n g  f u n d a m e n t a l  v i b r a t i o n s :  
t h e s e  a r e  a s  f o l l o w s
y > 1 0  O H ,  r o o k i n g  ( a t  9 4 5  o m ? 1  f o r  e t h y l e n e  s u l p h i d e )
C H ^  t o r s i o n  ( a t  8 2 5  c m ! 1  f o r  e t h y l e n e  s u l p h i d e )
y  P t - e t h y l e n e  s t r e t o h i m g
T h e  f r e q u e n o i e s  of o h l e f  a b s o r p t i o n  b a n d s  r e m a i n i n g  a r e  a s  
f o l l o w s
( D  ( 2 )  ( 4 )
9 8 0  v . v . w e a k  9 7 5  v . w .  9 7 1  v . w .
8 1 8  m .  8 1 8  m .
6 9 1  m .  7 1 7  m .  N o t  i n v e s t i g a t e d
6 1 5  > .  4 0 5  a ,  b e l o w  7 0 0
T h e  o n l y  f r e q u e n c y  w h i c h  o c c u r s  i n  a l l  t h r e e  o a m p o u n d s  i s
t h a t  at a b o u t  9 5 0 c m ? 1 , b u t  w h i c h  i s  e x t r e m e l y  w e a k  a n d  i s
th erefore  probably not the in frared  a c tiv e  CH^  rooking 
frequency, which i s  in frared  a c t iv e  in  ethylene I t s e l f  as 
w ell as in  ethylene su lp h id ei I t  could, however« be the  
to r s io n a l v ib r a tio n , but th ere i s  in s u f f ic ie n t  co rre la tio n  
between the frequencies observed fo r  d if fe r e n t  compounds to  
permit d e f in ite  assignment of th ese  frequencies«
Ihe frequency observed near 4 0 0  omT1 fo r  ( 1 ) and
( 2 ) i s  probably a V p t-e th y len e  frequenoy, s in ce
i f  the stren gth  of the Pt-C^H^ bond ie  about the same ae that 
of the Pt~NH  ^ bond, the expected frequenoy of th is  v ib ra tio n
w i l l  be given by the approximate r e la tio n sh ip
y  p t - c ^ H 4  
y  p t - H H ,
V p t - ( W  *  5 1 0  JH
m 3 9 5  o m l 1
fh is  frequenoy i s  c lo se  to  those a c tu a lly  observed fo r
(1) 385 omT1 and ( 2 ) 405 omT1.
JW
1 5 4 .
TABLK X,
Absorption Frequencies of Bthylenedlamlne Complexe«
l ì
Absorption F réquences of E thylsaedta ân e Ooranlsse:,
TABLB X,
[O o(an).]
.
¡.Nl(an)
Cl g i ‘f & î ÿ 1
traita LCo 
(e n )2C l2J c i2
eth y len e-  
diaminé
1619 a . 1660 w. 1633 w. 1639 w. 1605 a .
1591).
1563)
1 5 9 0  a .
(1571)
1587 a . 1598 a . 1 4 6 0  a .
1364 a . 1331 a . 1279 w. 1 4 4 8  a . 1 3 6 0  a .
1325 a . 1 2 8 8  a . 1 1 6 2  a . 1369 a . 1 313 a»
1303 w. ( 1 2 7 0 ) 1089 a . 1 3 1 6  a . 1175 a .
1277 w. 1154 a . 1 0 4 0  a . 
(1015)
1294 w. 1 1 3 0  m.
1253 a . 1 1 0 1  a . 975 w. 1275 a . 1095 a .
1219 w. 1 0 2 2  t . a .  
(972)
7 0 0 (bd) 
a.
1 2 1 1  a . 1 0 5 0  a .
11651 _ 
1155) a *
1 1 2 2  a .
755}
683) a . 
662)
550 a . 1119) .  
1 1 0 0 ) a*
995 a . 
905 a .
1054 • . 1 0 5 0  a . 8 3 0  a .
1002 « .  
895 w.
522)
498)
1 0 0 2 )
989)
783 a . 884 a .
746 w. 
710 w. 
578 m. 
523)
4 9 0 )y .a . 
465)(bd) 
435)
Rote.
eJLso exara- 
ined as 
faydrats*
Nota.
a lao exam­
ine d aa 
ohlorlda
(hydrata)
803 a .  
719 w. 
5 8 2  a . 
507 a . 
464 a .
Part I I I « ffthylenediamine Complsxss,
Several m etal-ethylenediam ine complexes were pre­
pared In the hope that comparison of the spectra  of complexes 
w ith th e ir  s t a b i l i t i e s  would extend the r e s u lts  obtained fo r  
simple metal asrmines, the advantage of ethylenediam ine as a 
ligand  being the greater  s t a b i l i t y  of the complexes formed, 
thus enabling a greater  range of metal ions to  be compared.
The absorption frequencies observed fo r  a number
of ethylenedlam lne complexes are shown in  fa b le  X, together
w ith  the frequencies observed fo r  liq u id  ethylenedlam lnef
6 8given by B ellanato ♦ fhe spectra are I llu s tr a te d  an pages 
159 end 160 at the end of t h is  s e c t io n , when the sp ectra  
are compared, i t  can be seen that not only are they much 
more complex than those of th e simple ammines, but that the 
degrees o f oom plexity d if f e r  with d ifferen t metal io n s . In 
consequence i t  i s  not p o ss ib le  to  compare the frequencies of 
the s k e le ta l  v ib ra tio n s w ith  s t a b i l i t i e s  as had been hoped,
Xhe ch ie f m etal-ethylenediam ine complexes examined are as 
fo llow s t
I  [ C o ( * n ) 3 ] c i 3
II  [H i(,n)J<512
I I I  [O u (« i)2 ][P tC l4 3 and the ch lorid e (hydrate)
IT tr a n ,-[0 o (e n ) 2C lj 0 1
Comparison of ths sp ectra  of I and II  shows o le a r ly
the greater  com plexity of the co h a ltlo  compound, I ,  over the  
whole range of frequencies examined, includ ing th e region  
belcsr 6 5 0  cmT1, where ethylenediaiaine i t s e l f  shows no 
absorption in  the in frared  spectrum, The absorption  
observed in  t h is  region  i s  probably due to  s k e le ta l  
v ib ra tio n s  of the coordinated ring«
Comparison of the sp ectra  of I I I  and IV, where in  
each case the four coordinated n itrogen  atoms l i e  in  a 
plane# shows that again the spectrum of the eo b a ltio  
compound i s  much more com plicated than that of copper«
I t  i s  th erefore  probable that the greater  com plexity o f the 
oob&ltio compounds i s  a sso c ia ted  with the bonding of the 
ethylenedi&mlne m olecule I t s e l f  and i s  not due to  the  
general symmetry of the coordinated atoms«
The most marked chemical d ifferen ce  of oob&ltio« 
ethylenediam ine complexes from those of n ick e l and copper
i s  th e ir  g rea ter  s t a b i l i t y  to  d isso c ia tio n #  as shewn by the
6 0valu es fo r  the s t a b i l i t y  constants
i  lo g  k0__^ 0^rr_* c average
t C u $ n ^ ] 2 +  6 * 8
t N l( ,n ) 3 J2+ 4*8
[ C o ( , n ) 3 ] 3 +  9 * 9
There seems# however# to  be no re a l reason why the change
in  the stren gth  of bonding should cause such a marked
d ifferen ce  in  the nature of the spectrum« I t  i s  in te r e st lx  g
6Qto  note th at Quogliano and ^ieushima 7 have shown that in  
[C o(enK ]99Ly the e t hylenediamine groups have the gauche and 
not the o is  con figu ra tion , as had been p rev iously  assumed, 
and i t  would be p o ss ib le  fo r  the sim pler spectra  to r e su lt  in  
the cases of n ick e l and copper i f  the ethylenedi&mine groups 
in th ese oomplexes had the o le  configuration«
Without making a d e ta ile d  assignment of the 
frequencies observed l i t t l e  fu rth er  progress oan be made 
and as th is  would I t s e l f  c o n stitu te  a major research  
problem, th ese complexes were not ex&iiiined further«
1 5 9 .
1 6 0 .
1500 1300 MOO 9 0 0  7 0 0  6 0 0  3 0 0
■*.    » " ' » *■■ « —■ * » «
1500  1300 IIO O  9 0 0  7 0 0  6 0 0  SOO
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CONCLUSION,
ih e examination of metal coordination compounds 
by infrared spectroscopy was begun in order to  e s ta b lish  
the nature of the m olecular v ib ra tion s of various lig a n d s , 
to  examine the d ifferen ces  in  the absorption frequencies  
observed w ith d iffe r e n t metal ions In the complexes, and to  
see i f  th ese  e f f e c t s  could be correlated  w ith  the known 
chemical p rop erties of the compounds.
The main emphasis of the work described  here has 
been on the metal amuines, as ammonia i s  a r e la t iv e ly  simple 
moleoule fo r  the assignment of the absorption bands to the 
fundamental v ib ra tion  frequencies of the group* I t  has 
been p o ssib le  to  assign  a l l  the frequencies observed in  
these compounds to  p a rticu la r  molecular v ib r a tio n s , includ ing  
in  many oases th e in frared  a c t iv e , m etal-n itrogen  stre tch in g  
vibration* and many of the r e s u lts  of th is  in v e s t ig a t io n
7 0
have been published during the past year • The use of 
m etal-n itrogen  s tr e tc h in g  frequencies a fford s a valuable  
means of examining the e f f e c t  on the stren gth  of bonding of 
the ammonia group of other su b stitu en t groups in  the com­
p lex e s . These freq u en cies have been used in  th is  way in  
the experiments on the tran s-d ir e o tiv e  e f f e c t  of various  
ligan d s in  p la tin ou s complexes, where i t  has been shown that
C H A P T E R  X I I I .
some groups, notably eth y len e, cause a marked weakening in
the bonding of a trana ammonia group. The r e s u lts  of th ia
71work h&ve a lso  been published recently
With the other ligan ds examined there has been 
much greater  d i f f ic u l t y  in  the assignment of the observed 
absorption bands to  the fundamental v ib ra tio n s , th is  step  
being an e s s e n t ia l  p rereq u isite  to the use of th ese  fr e ­
quencies in  the study of problems re la ted  to  the ohemical 
bonding of the groups. However, w ith ethylene and the  
n ltr o  group as lig a n d s , considerable progress has been made 
in  assign in g  the frequencies observed to  fundamental 
v ib ra tio n s and the assignment could probably be completed 
i f  a prism or gratin g  were a v a ila b le  with whioh frequencies  
lower than 400 cm71 could be observed. The e f f e c t  of other 
su b stitu en t grouns on the fundamental v ib ra tio n s of th ese  
ligan ds should provide an In terestin g  problem, p a r ticu la r ly  
in  view of the p o s s ib i l i t y  of th ess  ligan ds being bound to  
the metal ion by double bonds, rather than sim ple coordination  
With ethylerediam ine complexes the in fonaation  
obtained i s  much l e s s  d e ta ile d , and i t  has only bsen p o ssib le  
to  compare the general fea tu res of the spectra  obtained when 
d iffe r e n t metal ion s are concerned. The d ifferen ces  in  the 
speotra of the complexes examined suggest that the in v e s t i ­
gation  of a wider range of complexes and a d e ta iled
assignment of the absorption frequencies should provide 
an in te r e s t in g  f i e ld  of study*
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